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PREFACE. 



In the belief^ that a work upon Elemental Locomotion, 
— ^for the purpose of showing the utility, commercially, 
politically and morally, of introducing it into general 
practice upon the highways of the United Kingdom, 
and how the knowledge and practice of mechanical 
science had brought this desideratum within our power, 
— is now required for the information of society in 
general, I venture, after eight years spent in anxious 
experiment, and observation, upon this important 
branch of mechanical philosophy, to publish the follow- 
ing treatise, which pretends only to the name of a useftd 
work; and is offered as such to the public with an 
earnest hope, that a subject of such vital interest may 
be taken up^ and considered with the attention it 
deserves. 

Mr. Nicholas Wood has so fully treated of Rail- 
roads and Locomotive Carriages thereon, that I only 
introduce so much of that subject as may be necessary 
to connect the experiments of early projectors with the 
happy results in later experiments; and to show the 
superior advantage of Steam-carriages on common 
roads. Without such a short account of Railway 
Engines a material defect would have appeared in my 

history of the progress of locomotion. 
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In Chapter I., the Commercial importance of a rapid 
and cheap inland communication is considered; the 
most obvious advantages are mentioned as concisely as 
possible; and the conversion of Steam to Economic 
purposes brought out and established by plain statisti- 
cal deduction* The science of political economy, of all 
others the most difficult and indeterminate, finds, in the 
latter topic, a happy exemption from its general charac- 
ter: deep-rooted prejudice, and individual interests, 
liieing all that the philanthropist has here to contend 
jvith. 

In Chapter 11. is shown the process by which Elemfen- 
tary power taay bfe cotiverted into a suhstitute for animal 
power; 

. In Chapter III. such particulars are historically give« 
of the oonstructidn of various Steam-Carriages, as may 
afford insinuation to engineers aind others, who^ from 
I'emote locality, or other drcutostsinces, are unac* 
quainted With the pxtent of impxpveinenf to which this 
branch of soienee has practically been brought 
. In' Chapter IV. i^ described the kind of Bead qn which 
Steam-ca^iagbs may he made to travel ; and the k)s& of 
advantage on m inclined rail clearly exhibited; 

In one or other of these Chapters I have embodied^ 
verbatim, afanodt the whole of the valuable ^videhce 
of the various Witnesses examided before the Committee 
of the Housb <pf Commons, upon the subject I treat of. 
The evidence of each witness is necesaarily varied in its 
nature, and it is quxxted in smaller t)rpe, in order that as 
much information as possible may be concentrated at 
the points where most required. 

In Chapter»V. the very favourable Report of the said 
Committee is likewise reprinted, and forms a valuable 
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testimonial to the intelligence, discrimination, and public 
spirit of the honourable members who formed it. In 
this Chapter I have also shortly considered the Ways 
and Means by which the conversion of Steam to the 
various important ends suggested can be effectually 
operated. 

For endeavouring to open up, and call public atten- 
tion to, a new path in Economical Science, admirably 
adapted to supplement artificially the livelihood, pro^ 
party, and happiness of the British Nation, and that at 
a moment when our, natural resources have become 
totally inadequate for these purposes, I need make no 
apology. The subject has been deemed worthy of three 
months' close investigation by the highest and most 
enlightened legislature in the world. And it is a field 
beyond all others, of a political kind, suited to the 
labours of the philanthropist. 

ALEXANDER GORDON, 

CIVIL ENGINEER. 

145, Strand, London, April, 1832. 
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HISTORICAL AND PRACTICAL TREATISE 



UPON 



ELEMENTAL LOCOMOTION. 



CHAPTER L 

UPON THE ADVANTAGES OF ELEMENTAL LOCOMOTION. 

In a state of society so artificial as our own, the truism — ^that 
eveiy increase of knowledge and adaptation of scientific dis- 
covery to the wants and the exigencies of human life, tends to 
lessen the labour, and to increase the comfort of man, affords 
one of the strongest consolations and encouragements to whoever 
directs his attention to the amelioration of his kind. That know* 
ledge is power, has long been a favourite and prevailing maxim, 
as well in mechanical as in moral philosophy. The latter we have 
seen realized in the rise and preservation of numerous infantine 
states which it has cradled into greatness. We read the former 
in those mighty operations which make the winds and waves 
obedient That it is wealth and prosperity a long course of ex- 
perience equally testifies. But it has been reserved for it in latter 
times to achieve, in the outgrown relations of existing society, a 
more extended and beneficent direction as a political agent. The 
master-mind, whose genius called up into operation that mighty 
power, the discovery of which in mechanics, in an age of inven- 
tions, stands out with as pre-eminent distinctness in the nine- 
teenth as the discovery of a new world illustrates the fifteenth 
century, perhaps did not, in revolving all its varied and wonder- 
ful properties of scientific application — contemplate it in its 
highest result of all, the possibility, namely, of its conversion to 
Economic purposes, sufficient to uphold and perpetuate the 
prosperity and happiness of the Sritish Empire to a period of 
almost indefinite duration. 

B 



At a crisis like the present, when the country is labouring 
imder the pressure of a redundant and starving population, the 
subject which we are about to treat upon comes recommended 
with a peculiar emphasis. The substitution of an inanimate for 
an animate power, by which an increase of food equivalent to 
the consumption of sixteen millions of mouths — which is equal 
to the addition of a territory double in extent to that of Ireland 
— ^possessing all its natural resources and fertility, without the 
drawbacks of an unmanageable population, is a project, which 
bears on its surface, not the interests of a handful of individuals 
— a class of society — or branch of trade — ^but of the whole nation. 
How fortunate then is it, that it further comes with the recom- 
mendation, of not presenting itself in the doubtful guise of an 
expedient speculative question — ^but as a plain, practical, de- 
monstrable matter of fact, realizable in operation, and determinate 
in result. This will appear in obvious sequence from the un- 
varnished facts which we now, in detail, proceed to adduce as 
proofs and illustrations of the troth of our position. 

In a great complex question of this kind, involved, not in 
theory but in what is equally disadvantageous, the suspicion and 
doubtfulness of a novel project,---^where all the results lie so far 
beyond the ken of a bird's-eye estimate, — ^which is to trench in 
so many respects upon the selfish relations of ^^ slaughter-house" 
capitalists,^-'and is to equalize the permanent prosperity of the 
multitude to the temporary inconvenience of the few, — it must 
ever be borne in mind, that to whatever point of detail we direct 
our attention, we shall perceive but a very limited view of tbq 
benefit, as a whole, which is to arise from the introduction of 
this grand agent, when it shall be properly economised, and 
brought to bear in full operation upon the varied transactions of 
daily life. We shalL therefore confine ourselves to a cursory 
estimate of a few of the leading Commercial^ Political, and Moral 
advantages which will accrue to the community by the substi* 
tution of inanimate or steam-power for animate or horse-power, 
for locomotive purposes : leaving it to the enterprising and re* 
flective to revolve die mighty amount of practical good which it 
may be made to subserve, if taken up, as it ought, as a national 
measure. 

In a great commercial country like ours, extending its rami- 
fications to every branch of natural and artificial produce, it is 
almost superfluous to remark that a vast capital is sunk annually 
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in ihe mere transport of mai'ketable commodities : and which is 
n6t obIj a loss to the seller as being an unproductive outlaj, but 
entails a heavy increase of expense to the buyer also upon every 
article of daOy' consumption. Atiy means, therefore, that will 
accelerate the conveyance, and at the same time reduce ma- 
tenally the expense of carriage^ bears upon its surface a great 
public gain. 

Expeditious locomotion, to the commercial world more par- 
ticularly, in every mercantile transaction, is equivalent to capital: 
and such is the vast importance of economy of time here, that no 
extra expense is considered as too great to accomplish the utmost 
speeds. We have this practically illustrated in the preference 
which society gives to a complicated machinery put into motion 
at an enormous expense, to travelling by the winds of heaven 
which cost nothing. Nay, we have lately seen the speed of 
eight miles increased to nine, though purchased at an addition 
oi one-third of the original outlay; and that again accelerated to 
ten, though it could only be effected by douhling the whole cost I 

To the merchant time gained is equal to money: for time 
occupied in travelling is just so much profitable employment 
lost. Time occupied in the transport of goods is equivalent td 
80' much interigst of capital spent : for a thousand pounds in- 
vested in merchandise is unproductive so many days as the 
transport is tedious. That part of the capital of an individual 
which is employed in the carrying of his goods to and froni 
market, is so much abstracted from his means of producing more 
of the article in which- he exerts his ingenuity and labour, 
whether it be in agriculture or manufacture. 

Easy communication lessens the time occupied in the trans- 
port; and a saving of time lessens the distance, or our notion of 
distance *. This effects a saving of money ; and a saving of money 
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» TEe Liverpool and Manchester rail-road Co. lately reported this result : — 
Passengers entered in the Company's books during the half-year 

ending 30th June 188,726 

Ditto, ditto, ending 31st December last 256,321 



Increase 67,595 



Being upwards of 33 per cent, increase of the first six months of the year, and 
upwards of 135 per cent, increase on the travellers between the two towns 
during the corresponding months previously to opening the railway. 
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permits of a greater employment of capital. The man who cjban 
only afford to keep one traveller soliciting orders for his goocKsy 
will thus be enabled to keep two ; because the expense of travel)- 
ling will be reduced a half. Or it may be, he will find it moire 
advantageous to employ the saving in the production of a mone 
delicate and desirable article in the way of his trade. The in- 
creased traffic from place to place will give likewise an impulse to 
business, which, in the present stagnant times, is most desirable. 
The manufacturer in Scotland will find the London market 
more easily arrived at; and the merchant in the metropolis 
will be able to get his orders more rapidly given and executed. 
A conveyance which, in good management, would be a weekly 
one, is, in bad management, a monthly one: and the courier 
is obliged to quadruple his charge for the transport. To meet 
this charge the merchant has to add to the cost of the article, 
and so on throughout the various gradations of mercantile tran- 
sition, until the consumer pays the necessarily increased price. 
Hence, whatever reduces the price of transportation, reduces 
the price of the commodity transported. Whatever reduces the 
traveller's time, reduces his claim for compensation, and (com* 
petition being always at work) he is content with a smaller 
profit upon his merchandise. If a scarcity of any article occurs 
atone point of the kingdom, the monopolist there cannot continue 
his increased price for any duration of time. Commerce may, 
in this respect, be resembled to water, for, if not obstructed, it 
will always circulate till it finds its level. An opening or channel 
being furnished, an equalised supply will make its way wherever 
required. 

Thus we see that the strength, wealth, and happiness of a 
nation, depend very much upon facility of communication. 
The ill-defended spot in the empire is alive to the reality, that 
subsidies having bad roads or a tedious navigation to pass may 
arrive too late to present an effectual resistance to a plundering 
enemy. The hard-working emigrant of a remote settlement, 
distant firom a market, feels the difficulty and loss he sustains in 
bringing produce to the spot where merchants and dealers 
meet for the purposes of exchange. A spot uncommunicated 
with may be visited by the horrors of famine, and no channel 
exist for conveying thither the food required. A grievous 
pestilence may sweep off an isolated people before the aid of 
the physician can arrive to arrest its progress. 



Such facts are obvious to even the most indifferent observers 
of human society. Yet, nevertheless, there have been, and are, 
short-sighted individuals, in every gradation of it, with minds 
and views so warped and distorted by an ignorant selfishness, 
that they have opposed every improvement which tended to 
make the least change in their long-established habits. Such 
persons were they, who, during the last - century, promoted 
petitions from coimties in the neighbourhood of London, praying 
Parliament not to extend the turnpike-roads into remoter parts 
of the country, lest these remote districts, by means of a less 
expensive labour, should be able to sell their agricultural pro- 
ducts in the London markets at a cheaper rate than themselves ! 
— and such in our own day are the attempts made to put down 
steam conveyance. How short-sighted we are ! Did we con- 
sult our own advantage we should see that those facilities of 
communication, against which we oppose ourselves, are the 
growing sinews of a greater fabric of wealth and prosperity. 

Such are the numerous and important advantages, in a Com- 
mercial point of view, which will result to society from the 
substitution of elementary for physical power. But even these, 
great though they be, are of trifling consideration when compared 
with the immense benefits which will result from the substitution 
when brought into operation as an Economic principle. 

In entering upon a statement to show the practicability of 
turning steam to this latter and novel purpose, we are relieved 
by the investigations of another branch of philosophy, from the 
necessity of going into detail to show the utility of that conver- 
sion : political economists, after maturely investigating the com- 
plex causes of national poverty and distress, having come to the 
conclusion, that the grand source of all our evils is redundancy 
of population ; or in other words, an increase of animated life 
beyond the nourishment adequate to support it. 

Perhaps we should qualify the term beyond — because, lite- 
rally speaking, population cannot exist beyond the means of 
subsistence, but only up to it. There is a limit to increase : '^ a 
principle in society," according to Godwin, " by which popu- 
lation is perpetually kept down to the level of the means of sub- 
sistence." lliat principle is want of food; the prolific pai'ent of 
pauperism, unemployment, starvation, vice, disease, wretchedness, 
and their attendant evil train. There are, to be sure, other restric- 
tive assistants, but this is the available one : — the grand retarder 
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and arch enemy of our species. To live, then, wp to the limit of 
food, entails upon us the host of ills just enumerated ::*- to lire 
beyond the limit, precipitates us swiftly into famine, pestilence, 
and death. . » 

But though political economists are at one as to the ^^sease, 
there has been great discrepancy of opinions as to the remedy. 
Colonization — emigration-"- equality of condition *-'m(H:al re- 
straints — community of labour and of goods — reclaiming of 
waste lands — artificial restrictions upon fecundity, &o« have all 
afforded ample 'themes upon which the projector or philanthro- 
pist have erected the unsubstantial structures of iheit respective 
systems ; — all beautifiil as ideal theories, but all worthless in prac- 
tice ; because partial, temporary, or impracticable, — nrot applicable 
to the real condition^ or realizable for the improvement of man. 

The substitution of inanimate for animate power, if not the 
panacea which is to cure all the evils of our condition, is at least 
one that comes recommended as a matter of fact-*-easy of opera<- 
tion, and effectual in its result. If want of food, or, in other 
words, redundancy of population, be the bane of the country^ it 
does not propose to meet that evil by a visionary project, tending 
in its operation to unhinge society: — tedious in its process, and 
ending at length in bitter disappointment — ^but it meets the evil 
directly, substantially, and effectually, by the substitution of 
food. It does not raise a cry of breculp breads and then conclude 
by giving sl serpent; but by the application of elementary for 
physical power, it creates an economic principle, such as philan- 
thropists never dreamed of; which, if not the feigned philoso- 
pher's stone, to convert all that it touches into f^ld, is a power 
in nature equally beneficent, since, besides its being real, itoan 
change poverty into comparative affluence — starvation into sub- 
sistence — disease into health — misery into comfort, and vice into 
virtue. 

And how are all these immense advantages to be effected? — By 
the substitution of inanimate for animate power. Atpresoit, 
the animate power employed in the commercial transportations 
of this great kingdom is estimated to amount to two millions of 
horses : each horse consumes as much food as is necessary for 
the support of eight men. Hence the conversion of its consump- 
tion to purposes of human existence would, if carried to this 
practical extent, amount to a quantity of food equal to support 
sixteen miUions of people. 



Whare the product is so enormous — so vastly bejond our imme- 
diate necessities—it is not requisite to go into any minutias of 

detail. To calculate all the gains we will leave to the political 
economist^ as also to bring the matter out in its fair proportions; 
but to establish the matter clearly within the bounds of a safe, on 
easy, and practical issue, we have merely to state, that a con» 
version of food from a physical to a moral purpose, adequate to 
the supply of one-fourth part of the above aggregate estimate, that 
is to say, to four millions, is amply sufficient to relieve us at 
the present moment from that pressure of pauperism which sits 
like an incubus upon the energies of the nation, and which will 
precipitate us, if not timely avoided, into speedy and irretrieva- 
ble ruin. 

Now the suppression of the stage-horses upon our principal 
thoroughfares, and of the dray-horses in the great commercial 
towns, may be calculated to economise a saving of food equiva- 
lent to the supply of the above number of human beings. 

It is, perhaps, not superfluous to remark, that the amount of 
food, equal to the supply of the said four millions, is not the 
produce of an extended agriculture and proportionate outlay, 
but is just that part of the annual produce of the country, sub- 
tracted from the whole, which is at present required for the 
mere purpose of transportation — i. e. to feed the animals used 
for draught, — and is consequently a dead loss as unproductive 
capital. 

In addition to the evil arising from such a consumption of 
unproductive food, is also to be considered the very great loss 
consequent upon the heavy capital sunk in horse purchase* 
Were this viewed, as properly it ought, as money withheld from 
other purposes of trade, andwhich might be more advantageously 
invested^ oiu: capitalists and men of science would not oppose 
the substitution of inanimate for animate power in the way they 
have done. Neither, did the landed interest maturely weigh the 
varied benefits it will produce in agriculture, would they view 
it in the light of an invasion upon their respective interests^ 
They do not give a quid without receiving a quo every way as 
valuable. The reduction of farm consumption — the bugbear of 
the project — will be met and compensated by a steady and pro- 
portionate demand from other quarters. Whilst in the United 
Kingdom, the 8,100,000 acres of land now required to feed the 
horses, together with the capital sunk in their purchase, will, 



when both applied to other and general purposes^ amply com- 
pensate for the exchange. 

In order more readily to show one effect, let the horses be 
considered only 1000; a smaller number may not make the 
argument so difficult Let us reduce this number \ and the 
farmer may then turn his oat-ground into wheat*ground ; and 
instead of so much land being employed to furnish food for a 
thousand horses, the same land, when turned into tillage fit to 
sow wheat upon, will produce sufficient bread-corn to feed two 
thousand poor families. 

Again, if instead of 20,000 horses, we keep 30,000 fat oxen^ 
butchers' meat will be always cheap to the operative classes, 
whilst the quantity of tallow will of course make candles cheap : 
and so many hides lower the price of leather, and of shoes and 
all other articles made of leather. Or the same quantity of land 
may then keep thirty thousand cows, the milk of which will 
make both butter and cheese cheaper to the poor, as well as the 
labouring manufacturer ; all which articles are veiy considerable, 
and of material moment in the prices of our manufacturers, as 
they, in a great measure, work their trade to rise and fall ia 
price, according to the cheapness of their materials and the 
necessaries of life. The same may be said in favour of more 
sheep and woollen cloths. 

We have said, a horse consumes, on an average, as much as 
eight human beings. The country is burdened with poor (ia 
want of food) ; so much so, that an evil is resorted to, to ease the 
burden; and the strongest and ablest of our peasantry are 
encouraged to emigrate. Our political strength is thus wasted, 
while the prospect that eventually these very men may meet 
us in battle array is avoided in our search for present ease. 
Whilst, therefore, we have a remedy really good and practicable 
before us unresorted to, we may in truth say that we depopulate 
our country for a " bestial herd.** 

But it would be taking but a limited view of this part of our 
subject did we confine ourselves to the above observations, im- 
portant though they are : there are great financial results to be 



> It is worthy of temark, that when private carriages became common in 
this country, an act was passed to prevent the too great adoption of these 
vehicles, lest the horses should consume the food of the poor. 
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considered likewise. The experience of the last thirty jears has 
shown that we have hitherto legislated in vain for Ireland. A 
starving population cannot be cured either by education on the 
one hand, or by coercion on the other. Laws, however judicious 
in themselves, or beneficently administered, must fail to accom- 
plish their purpose amongst a redundant impoverished people. It 
is bread they want : and this deficit has been the fructifying 
source hitherto of the disordered structure both of her political 
and moral condition. But let us, by the introduction of inanimate 
power, supply this want, and we do not, like Mr. Canning, 
create a transatlantic kingdom, but we resuscitate one at home, 
leagued to us by blood, by union, and neighbourhood. Let us 
Tnake them food^ and they will make themselves educated, and 
industrious, and happy, and prosperous. The yoke removed 
which has hitherto bowed the neck of the finest race in the 
world, Ireland will rise up, though late in time, in the energies 
of a renewed people to add a vast fund of financial support, 
instead of the heavy burden she has hitherto been, to England. 
And if the last of the Union to attain her meridian of greatness 
and prosperity, she will likewise be the last to hand down the 
greatness and prosperity of the British empire to future times. 

Nor will Scotland find less advantage firom a change which 
will enable her to command a distant market for her home com* 
modities ; and which, at the same time, will bring all her im- 
ports cheaper to her doors. The produce of her mines will 
become more valuable, and property acquire a worth which 
hitherto it has not attained — the increase of finance returns will 
of course be proportionate. 

In various departments of the revenue the saving of expendi- 
ture by the substitution of inanimate for animate power will also 
be immense /^In the post-office alone, for instance, it will 
amount t?" tai^ards of half a million. Whilst, from the cheap- 
ness of fo^at/which the substitution will produce, the navy and 
army estiffiates will be most essentially reduced. 

The corn-laws are another evil which the adoption c^this great 
measure will completely extinguish — ^not indeed by their repeal, 
but by what is much better, the necessity for their repeal no 
longer existing. 

- Nor will com alone become cheap and abundant, but all the 
necessaries of life will comparatively become equalized. No 
longer will local failures of crop expose remote districts to tern- 
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porary yiinteitions of famine and disease : but steam introduced 
will jcirculate the produce of the land in liberal proftision. Then 
the pilchards of the Channel will no longer be used to manure 
the bordering counties, when they can be eat caUar through* 
out the North : nor will the inexhaustless shoals of the herring 
depart untithed from Loch Fine, because no inland consumption 
holds out a bonus for their capture. 

It is not difficult to perceive how all these important results 
will enable the country to meet and liquidate the national debt* 
The payment of the taxes, under a system where pauperism and 
redundancy will be alike unknown, will no longer be a burden ; 
whilst the vast savings which will accumulate in consequence in 
every part of the revenue will speedily form a sinking-fund, under 
which even our enormous debt will eventually disappear. 

Having thus, we hope, made the importance of this measure 
in some degree plain, both as a matter of utility and policy — ^we 
have to meet one or two objections. 

It will be argued that an increase of food, or subsistence, will 
increase our population, and eventually precipitate us into worse 
calamities than what it for the present remedies. No doubt 
our population will increase; for increase and prosperity are 
terms that are relative • But what then ? if we can relieve many 
generations from the consequence of reaching the limit, (i. e. of 
poverty, vice, misery, and disease,) are we to avoid doing so 
because society will grow progressively till it again meets the 
limit? We trow not: as sensible ^were it never to eat when 
hungry, because we shall again be hungry ! Our business is to 
postpone the evil day, and to allow subsequent generations to 
economize for themselves. Is it reason, or humanity, or interest, 
or duty, to avoid getting rid of the fearftQ crisis of national 
misery that is settine: in upon us, because we are met with the 
hypothetical supposidon, Lt a dmilar crisis m.je^e the lot of 
our descendants one hundred and fifty years hen^ i^\ No, not 
to avoid the crisis is to perpetrate a national /elo dsp^hy at the 
expense of all the moral obligations which man owes to God, 
himself, his neighbour, and society. 

Another argument against the substitution of inanimate for 
animate power will be raised by the agricultural interest, who 
will see in this conversion of food the fall of all agricultural pro- 
duce. This also we admit — ^but we contend that they do not 
sustain a loss without an equivalent. The sum which is expended 
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inJiiNse consuiai^ion is an unproductiTe capital, which fincb 
remux^raUon in a per centaee upon every transportable com* 
modity. But when these commodities caB be trai^d for a 
\ nominal vaiue, a proportionate reduction will take place npon the 
price of the commodities themselves. Hence the fanner will sell 
his &rmoproduce cheaper — ^hutatthe same time he will purchase 
; his commodities cheaper : and the one will balance the other. His 
loss in grain will be a gain in all the transported necessaries of 
life. If his income be reduced, his expenditure will be reduced 
proportionably. Hence the change is in terms, not in reality. 

We do not advocate any thing so preposterous as the change 
of the whole animate power of Great Britain into inanimate, 
though in this the political economist can see the solution of all 
our Malthusian difficulties to an indefinite extent and duration^ 
What we urge is merely the partial adoption of the thing to such 
an extent as will relax the present pressure, and restore us to a 
wholesome state of national prosperity. This will occasion no 
dangerous experiment, and will be gradually followed up by a 
progres«[ye conversion, by which all the conflicting interests of 
society will be neutralized, and the aggregate wealth, and pros- 
perity, and happiness of the empire be equalized. 

If then elemental locomotion can be made to substitute the 
expensive, unproductive system of animate labour now in use, 
it will indubitably be for the vital interest of all classes of society 
that the ^ibstitution shcmld be realized, speedily and extensively. 
That steam can be so applied'has, as will afterwards be shown, 
been satisfactorily proved. The report of the Committee of the 
House of Commons, which will b^ found in a subsequent chap- 
ter, establishes this. But the evidence of several of the enlight- 
ened and practical witnesses who were < examined before that 
committee bears with too much emphasis upon the detail of the 
commercial and economic advantages of the project we have 
just been attempting to enumerate and advocate, for us liot to 
avail ourselves of it even at. this early stage of our work. It 
being quite decisive in ;S»pport of the graaad conclusion to which 
the said, committee came after three months' of patient and 
thorough investigation of the subject, viz. " That the suhstitu^ 
Hon of inanimate for animate power is one of the most im- 
portant improvements in the means of internal communication 
ever introduced'^ 

We have said in our preface, that the official evidence taken 
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upon the subject of steam-carriages, before the Select Committee 
of tbe House of Commons, during the autumn of 1831, should 
be adduced in support of our views. This Committee, in con- 
sequence of the heavy tolls imposed upon vehicles propelled by 
steam or gas, was, at the petition of Mr. Gumey, appointed to 
sit, and continued for three months a deliberate investigation. 
And their report, with the evidence, was ordered by the House 
to be printed. 

The evidence of Colonel Torrens, M.P. before that Com- 
mittee (see Report, page 104) was as follows : 

'* Have you considered the effect which will be produced upon British 
agriculture^ by substituting, on common roads, steam-carriages for carriages 
drawn by horses ?"— ** I have." 

** What do you conceive that effect would be ?"— *' I think it would pro- 
duce very beneficial effects upon agriculture." 

" State your reasons for believing that agriculture wiQ be benefited by 
substituting inanimate for animal power, consuming the produce of the soil?" 
— " I conceive that agriculture is prosperous in proportion as the quantity of 
produce brought to market exceeds the quantity expended in bringing it 
there. If steam-carriages be employed instead of carriages drawn by horses, 
it will be because that mode of conveyance is found the cheapest. Cheapen- 
ing the carriage of the produce of the soil must necessarily diminish the 
quantity of produce expended in bringing a given quantity to market, and 
will therefore increase the net surplus, which net surplus constitutes the 
encouragement to agriculture. For example, if it requires the expenditure 
of two hundred quarters of com to raise four hundred, and the expenditure 
of one hundred more on carriage, to bring the four hundred to market, then 
the net surplus will be one hundred. If, by the substitution of steam-car- 
riages, you can bring the same quantity to market, with an expenditure of 
fifty quarters, then your net surplus is increased from one hundred to one 
hundred and fifty quarters ; and, consequently, either the farmer's profit or 
the landlord's rent increased in a corresponding proportion. There are many 
tracts of land which cannot now be cultivated, because the quantity of pro- 
duce expended in cultivation and in carriage exceeds the quantity which that 
expenditure would bring to market. But if you diminish the quantity ex- 
pended in bringing a given quantity to market, then you may obtain a net 
surplus produce from such inferior soils, and consequently allow cultivation 
to be extended over tracts which could not otherwise be tilled. 

** On the same principle, lowering the expense of carriage would enable 
you to apply additional quantities of labour and capital to all the soils already 
under cultivation. But it is not necessary to go into any illustrative exam- 
ples to explain this, it being a well-known principle, that every improvement 
which allows us to cultivate land of a quality which could not previously be 
cultivated also enables us to cultivate^ in a higher manner, lands already 
under tillage." 
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If horses were displaced from common roads^ would not the demand for 
oats, beans^ and for pasture^ be diminished, and land thereby be thrown out 
of cultivation, and labour out of employment V — *' If steam-carriages were 
very suddenly brought into use, and horses thereby displaced, I think the 
effect stated in the question would be produced for a time ; but, practically, 
steam-carriages can be introduced only very gradually, and the beneficial 
effect upon the profits of trade, by bringing agricultural produce more 
cheaply to market, will tend to increase profits, to encourage industry, and 
to enko^e the demand for labour ; so that by this gradual process, there will 
probably be no period during which any land can actually be thrown out of 
cultivation, the increasing population requiring all the food which horses 
would cease to consume. With respect to the demand for labour, that 
demand consists of the quantity of food and raw materials which can be 
cheaply obtained ; and as, by the supposition, the displacing of horses will 
leave at liberty more food, and more material, the demand for labour will 
ultimately be greatly increased, instead of being diminished. It has been 
supposed, I know not how accurately, that there are employed on the com- 
mon roads in Great Britain > one miUion of horses, and a horse, it is calcu- 
lated, consumes the food of eight men. If steam-carriages could ultimately 
be brought to such perfection as entirely to supersede draught-horses on the 
common roads, there would be food and demand for eight millions of per- 
sons. But when we take further into consideration, that lowering the 
expense of carriage would enable us to extend cultivation over soils which 
cannot now be profitably tilled, and would have the further effect of enabling 
us to apply,with a profit, additional portions of labour and capital to the soils 
already under tillage, I think it not unfair to conclude, that were elementary 
power on the common roads completely to supersede draught-horses, the 
population, wealth, and power of Great Britain would at least be doubled." 

** There are soils which are stated to be so poor, that oats alone can be 
raised upon them ; would not the substitution of steam for horse-power have 
the effect of throwing out of employment the labour required for the culti- 
vation of such lands ?" — '' If there are soils of such a peculiar quality 
that oats is the only marketable product which they will yield, the persons 
employed in cultivating those lands would certainly be thrown out of that 
particular occupation ; but the extension of tillage over other lands not of 
this peculiar quality would create a demand for labour which would much 
more than absorb the persons thrown out from the culture of oats upon that 
land which would grow nothing else. But I doubt of there being any land 
which it is profitable to cultivate which would not raise some other agricul- 
tural produce than oats, either for man or cattle, for which the increasing 
population would create a demand." 

" The general impression on the minds of the committee is, that steam- 
carriages will, at least for the present, rather be substituted for horses used 
in conveying travellers than for the conveyance of bulky articles. Do you 



* This is not including horses used for draught in agriculture ploughing. 
In the former pages, I include these, and all horses but horses of pleasure. 
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think that the substitution of steam in this manner will be injurious to agri- 
culture and to the denmnd for labour, without, any adequate c<Niipensating 
advantages?"— '* Upon the case supposed} namely, that steam-carriages 
should be employed. in conveying passengers only, and the whole change to 
be ^^ted in a sudden manner, I think that there would in the first instance 
be a diminished demand for agricultural produce, but the following process 
would take place. As the-demand for agricultural produce was diminished^ 
the price of such produce would fall, food would become chea^)er, and the 
dieapening of food would benefit partly the labouring class and partly the 
capitalists, the one obtaining higher real wages, and the other higher profits; 
this increaise in real wages and in profits would ^ect a great encouragement 
to manufacturing industry, and would necessarily lead to an increase in the 
manufacturing population, and to the amount of capital employed in mano^ 
factures. The consequence w«uld be, that after some degree of pressure 
upon, agriculture, the increased numberof human beings would create the 
same demand for agricultural produce which the en^loyment of horses for-* 
merly created. So that even upon the extreme and most improbable, sup* 
position, that steam-carriages should never be employed in conveying agri« 
cultural produce to market at a cheaper rate, still the benefit to the coimtry 
would be very gr^at, inasmuch as we should have a vastly increased indus- 
trious population, and England would become much more extensively tbaa 
she is at present the great workshop of the world. ■ In point of fact, super* 
seding horses by mechanical power would have precisely the same efiect in 
increasing the population and wealth of England, as would be produced, were 
we to increase the extent of the country by adding thereto a new and fertfle 
territory, equal in extent to all the land which now breeds and feeds all the 
horses employed upon common roads. Such addition to the extent of fertile 
territory in England, suddenly effected, would in the first instance lower the 
value of agricultural produce, and be injurious to the proprietors of the old 
portion of the territory ; but no person would therefore contend, that if we 
could enlarge the Island of Great Britain, by additional tracts of fertile land, 
t)ie public interests would be injured by such enlargement: this would be 
monstrously absurd. It is not less absurd to object to the increase of food 
available for human beings, by substituting mechanical power for horses.^' 

''In addition to the advantages you have already anticipated from the in- 
troduction of steam-conveyance, would not the increased speed and cheapness 
of intercourse occasion vast public benefits, in which agricultural capitalists 
and labourers must greatly partake ?" — '* Certainly." 

'' As it is impossible to conceive that steam should be generally substituted 
for horses, and be confined only to the conveyance of travellers ; and as it 
would necessarily be employed as vans and coaches are at present, for the 
speedy conveyance of light goods as well as travellers, (by the hypothesis, 
steam-carriages being cheaper than horse-draft, or it would not be used), 
would not such cheapening of the.conveyance of such goods have a consider- 
able effect upon the demand for them, and thereby for labour and food 7" — 
'' On the principles that have been already stated with respect to agriculture, 
the cost of bringing aU things to market is comprised of the cost of produc- 
tion and the cost of carriage. Reducing the cost of carriage is precisely the 
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same thing in its effects as reducing the immediate cost of production; conse* 
qn^ttly* the conveyance of light goods by steam power must cheapen all 
such goods to the consumers. This will necessarily enable them to consume 
a greater quantity of such goods ; and the consumption of the greater quan^ 
tity will enlarge the demand for labour, call a larger manufacturing popula- 
tion into existence, and thereby re-act on agriculture by increasing the de* 
mand for food. This cheaper mode of internal carriage will not only lower 
the price of light and refined manufactures to the home consumer, but will 
lower their price also to the foreign consumer. This will increase the ad-* 
Tantages which we at present possess in the foreign market, and tend to in- 
crease our foreign commerce. So that here again there will be an increased 
demand for manufactures and for a manufacturing population, and here again 
will be another beneficial re-action upon the soil. So that the more we con^* 
template the various effects produced upon the industry of the coimtry by a 
cheaper mode of conveyance, the more we. must be convinced that weidth 
and population will be increased, and that agriculture, .instead of being in- 
jured, mnst necessarily partake in the increased prosperity of the country. 
In addition to what I have already stated, the saving of expense and of Ume 
in conveying passengers and goods, and the rapidity of communication, will 
innoduce effects, the amount of which it would be almost impossible to cal- 
culate. 

The evidence of Mr. John Farey, engineer, (Report, p. 64), is 
as follows :-r- 

" Steam power will propel a carriage as cheaply at a quick rate as at a 
slower rate; that fact is proved on railways, in actual business : and steam- 
coaches will be the same whenever they can be made strong enough to bear 
quick motion without being overloaded with weight of machinery. That will 
be pne of their great advantages over horse labour, which becomes more and 
more expensive as the speed is increased. There is every reason to expect, 
that in the end the rate of travelling by steam will be much quicker than the 
utmost speed of travelling by horses ; in short, that safety to travellers will 
become the limit to speed, as is now the case on railways.'^ 

**What is your opinion as to impelling waggons by steam?" — "I have 
never considered that at all in detail, and am not prepared to give evidence 
upon the subject. The price of carrying passengers or goods at a quick 
speed, as is done by stage-coaches or vans, will always be so much higher 
than the prices of carrying an equal weight at a slow speed, as is done by 
waggons, that I see no inducement to attempt steam-waggons, which I think 
would present almost all the same difficulties as steam vans. According to 
theory, the cost of carriage by steam will (as I have stated) be proportionate 
to weight and distance, without regard to speed of motion ; for instance, to 
convey a coach loaded with two tons for a distance of ten miles only, the 
same fuel will be consumed and the same wear of machinery wUl be occasioned 
whether that distance is run in one hour or in four hours. The wages of 
engineers, conductor, and guard, will be only one-fourth with the quick 
speed, and the first outlay in machinery would be only one-fourth, because 
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four times as many engines must be on the road, with their attendants, at 
the same time, to do the work at a slow speed, as at a quick speed; but the 
money earned by the carrier at the slow speed will be only a small part of 
what would be earned at the quick speed. 

** Taking into consideration the comparative expense of horse-carriages 
and steam-cairiages, do you suppose that steam-carriages will be able to run 
for half the charges of horse-carriages?" — " My own idea is, that steam- 
coaches will, very soon after their first establishment, be run for one-third of 
the cost of the present stage-coaches; but to become a business at all, it must 
necessarily be a business which wiU ofkr strong inducements to persons to 
embark in it; and to do that, the rate of profit must be very much ^eater 
than that which is commonly expected to be realized by the proprietors of 
stage-coaches ; their present trade affords a less profit on the capital and 
trouble of management probably than any other sort of business which is 
carried on with spirit in this country. The great reason of that is, the con- 
stant loss by destruction of horses, the fluctuations of the price and quality 
of horse-keep, and the impossibility of reducing stage-coach establishments 
in times when travelling business is flat ; because the horses must be kept and 
men to attend them at all events, and the loss of running a coach half em- 
ployed is not so great as suspending it, and keeping the horses idle on short 
allowance, till better times come round. The profit of stage-coaches which 
load well is very high, particularly in the fine travelling season, and that 
occasional profit creates an excitement which induces the injudicious setting 
up of more coaches than are wanted for an average of all seasons ; and for 
the reasons above stated, their expenses, when once set going, cannot be 
reduced to meet bad times. The adoption of steam-coaches will set the 
trade free from its great commercial difficulty, because they can be laid up 
and kept idle without considerable loss, and brought out again when wanted 
without any new outlay ; also fuel does not fluctuate either in price or quality 
to any considerable extent like horse com. In short, the capital embarked 
in a steam-coach trade will not be so rapidly wasted as at present in horses. 
Owing to the great number of horses which must be first bought and then 
kept to do the same work as one steam-coach, the first outlay in stock will 
be very small in steam-coaches, compared with horses, the same of stables, 
hostlers and harness. The daily expenses of fuel and attendants will be very 
much less than that of horse keep and attendance; the wear and tear of the 
coaches and all that is coachmakers' work will be only the same as at present, 
but the wear and tear of engines and machinery, though a very ea[pensive 
item on each engine, will be nothing to compare with the present repairs, 
loss and decay of horses, because the number of engines is so small. Stage- 
coach horses reqtiiire to be all renewed every three years, notwithstanding a 
heavy annual expense for what may be called repairs of horses ; viz. harness, 
shoeing, and farriery. Engines with an equally heavy annual expense of 
repairs to that of horses will, when perfected, be kept up thereby in such a 
state as to last for many years without renewal. The metal parts of ma- 
chinery only wear at particular places, which are capable of being repaired or 
renewed, so that they become as good as new ; but a horse when worn to 
disease at any part, feet, eyes or lungs, becomes incapable of stage-coach 
work for ever afterwards." 
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" Of course, a steam-carriage going slower than ten miles an hour will be 
more expensive to travel, on account of the greater expenditure of fuel ?'' — 
" No ; the consumption of fiiel, according to time, would be as much less 
as the motion would be slower ; so that the consumption of fuel, according 
to distance, would be the same, whether for a quick speed or for a slow 
speed ; but when profit is considered, every thing is in favour of quick 
speed ; because all goods carried slow must be carried cheap ; and quick 
conveyance will bear the highest price of carriage, on account of the expense 
of going quick by horses. For instance, a ton of goods may be carried a 
mile by steam-power with a certain consumption of fuel, but it should take 
no more fuel to carry it a mile at the rate of two and a half miles an hour 
than at ten miles an hour ; there is some qualification to be made in that 
statement according to the state of the roads ; it will be true if they are hard 
and good, but if they are heavy, the expense of fuel will be a little more for 
the quick speed than for the slower speed ; and it is also to be understood, 
that the engines must be suitably proportioned for attaining quick speed, 
because engines which are only adapted for slow motion do not work to so 
great an advantage when they are urged to work quick as when they are 
worked at or below the speed which the proportions of their parts are adapted 
to move with ; nevertheless, that extra expense of going quick bjf steam- 
power will be but small, and nothing like the increased cost of travelling 
quick with horses ; for horses have only a limited speed at which they can 
travel if they have no load to carry or drag after them, the whole of their 
muscular strength being then required to advance the weight of their own 
bodies ; the speed with which stage-coaches now travel approaches so near 
to the speed with which the horses could travel without any load, that their 
force of draught becomes very small. In all cases, horses lose force of 
draught in a much greater proportion than they gain speed, and hence the 
work they do becomes more expensive as they go quicker. The quickest 
stage-coach travelling is now at the rate of eleven miles an hour, and^that 
appears to be very near to the utmost limits which nature has prescribed for 
animal exertion ; for those horses require renewal of the whole stock every 
two or three years. This is a comparison of steam-power and horse labour, 
during the time that each is actually in operation ; but the real difference 
between the performance of a steam-engine and that of a set of horses will 
be found to be very great, when it is considered, that by having one spare 
steam-coach for every two or three which are on the road, those coaches can 
travel continually all the year round, during fourteen or fifteen hours in 
every twenty-four hours, without any intermission, except stopping for one 
or two minutes to take in water at every stage of about seven or eight 
miles; and thus each steam-coach can travel 140 or 150 miles a-day; 
whereas a set of four stage-coach horses can only work during seven hours 
and a half out of every twenty-four hours, or each horse can run fifteen 
miles a-day, and that exertion wears them out very soon. A cart-horse, 
travelling at the rate of two miles and a half an hour, can work during eight 
hours out of every twenty-four hours, or he can travel twenty miles in a 
day. Suppose that in both cases, of horses going ten miles an hour or only 
two miles and a half an hour, the force of traction was the same during the 
time that they were actually drawing ; even on that supposition, there would 
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be tbe difference between twenty miles a-day and fifteen miksa-day in favour 
of slow travelling ; but in considering tbe work performed, tbe great loss in 
tbe force of draugbt by quick travelling must be taken into account ; and it 
will be found tbat a cart-borse, walking at two miles and a balf an bour, 
could draw witb a force of traction lOOlbs. on an average^ but tbat a stage- 
coacb borse, running at ten miles an bour, cannot exert more tban 28lb8. 
force of traction at an average. The above proportions of distance travelled 
and force of traction exerted in eacb. case being combined into one product, 
tbe proportion will stand thus : — 20 miles a-day x lOOlbs. draugbt = 2000, 
to represent tbe work done by a borse travelling at tbe rate of two miles and 
a half an hour, and 15 miles a-day x 28lb8. draught = 420, to represent tbe 
work done by a borse travelling at the rate of ten miles an hour, which is 4} 
to 1 in favour of a slow speed ; when witb steam power there would be only 
a very slight difference of performance, at the quick or the slow speed. 

Mr. Davies Gilbert, M.P. late President of the Royal Society, 
and Vice-President of the Institution of Civil Engineers, gave, 
in his evidence, the following. See Report, p. 58. 

" I have some further remarks, which I would beg to deliver in also, 
tending to point out particularly the advantage of steam conveyance, when 
the rate of travelling is great. I would beg to add, that it appears to me 
extremely diificult to lay down any general rule which would be applicable to 
all situations and all roads, inasmuch as they vary with the nature of tbe 
materials : that, up to a certain weight, proportionate to the corresponding 
width of tbe wheel, it is probable that the injury to any road may be very 
little ; but that beyond a certain weight, compared again witb a correspond- 
ing breadth of the^ wheels, the materials would be entirely crushed, and 
the road totally deHtrbyed ; therefore it follows, tbat even on all roads there 
must be a limit to tbe weight of carriages, as it is quite impossible tbat a 
wheel of enormous breadth could bear uniformly on all its surface. For 
instance, where trains of artillery are drawn over roads, the excess of their 
weight beyond what materials are capable of sustaining, has been found 
sufficient for grinding them to powder. The slow conveyance of heavy 
weights may perhaps be effected by steam on well-made and nearly level 
roads, so as to supersede the use of horses ; but steam power is eminently 
useful for producing great velocities. It was last year determined by tbe 
Society of Civil Engineers, after much inquiry and discussion, tbat the 
expense of conveying carriages drawn by horses was at its minimum when 
tbe rate of travelling equalled about three miles an hour, and that expense 
increased, up to the practical limit of speed, nearly as the velocity; includ- 
ing the greater price of horses adapted to swift driving, their increased feed 
and attendance, the reduced length of their stages, and, with every precau- 
tion, the short period of their services ; on the contrary, friction being a 
given quantity, as well as tbe force requisite for impelling a given weight up 
a given ascent, the power required for moving steam-carriages on a railway 
remains theoretically independent of its speed, and practically increases but 
a very little, in consequence of resistances from tbe atmosphere, slight impacts 
against the wheels, inertia of the reciprocating piston, &c. Tbe expenditure 
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of what I hare termed eflidenqr ia as actual force multiplied by the velocity, 
and the consumption of fuel in a given time will be in the same proportion ; 
but the time of performing a given di^ance being inirorsely as the velocity, 
phe expenditure of 6id wiU theoretically be constant for a given distance, 
: md very nearly so in practice. Tbid power requisite for moving bodies 
y ^ough water is in the opposite extreme; here, the mechanical resist- 
&, ^ce of the fluid increases with the square of the velocity, as do the elevation 
r. i the wat^.at the prow, a»d its depression at the stem. The oars or pad- 
t- Jes must, t^refore, preserve a constant ratio to the velocity of the vessel ; 

rand the force af^ed will consequently vary as the squares of the velocity ; and 
the expenditure of efficiency being as the fcHrce multiplied by the vdocity, 
the consmnption of fuel will be as the cube of the velocity in a given time, 
or as the square of the velocity on a given space ; and I have ascertained, 
from the records of voyages performed by steam-vessels, that the law is 
nearly correct in practice : hence the great power required for such steam- 
vessels as are constructed not merely for speed, but also to set at defiance 
the opposition of winds and seas; while, on the contrary, a very small 
power will be found sufficient for moving ships of the largest dimensions 
through the water, at the rate of two or three miles an hour, when their sails 
are rendered useless by continued calms.'' 

The evidence of Mr. Goldsworthy Gumey, inventor and 
patentee of the steam-carriage after described, was as follows : 

" What do you calculate to be the comparative expense of running a 
steam-carriage and running a coach with four horses ?" — '* That varies in 
different situations, according to the price of coke and the price of labour ; 
it is in all cases considerably less, at least one-half less.'' 

*' You anticipate that the principal use of steam-carriages will be the con- 
veyance of passengers, and at one-balf the expense at which they travel now i* 
— " Yes ; and in less time." 

'* Can you deliver in to the Committee a detailed estimate of the expense 
of running a steam-coach* and one of nmning an ordinary coach ?" — " Yes, 
I will prepare them." 

** At what rate do you suppose it would be safe to run steam-carriages on 
the public roads V — " I have run them safely eighteen and twenty miles an 
hour; but twelve miles an hour is perfectly safe and practicable; the rate will 
be determined by practice principally in directing the carriage at present : 
there is no difficulty or danger in gmding the carriage at this rate." 

CdlcukUion as to the relative expenses bettoixt Horse and Steam Power for 

locomotion. 

** In order to estimate the comparative expense between horse and steam 
power for drawing carriages on common roads, I will take the relative expense 
on 100 miles of ground for working a common stage-coach by steam and by 
horses. 

** The first cost, wear and tear of the coach drawn, in every ree$»ect is the 
same in both cases. 

c 2 
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" The exptaao of men to manage is about the same also. In one case there 
IS a coachman and guard; in the other, an engineer and director. 

" Government duty and tumpike-toUs must also be considered the same. 

" It remains then to show the difference in the expense of power onlyi viz 
betwixt the expense of horses and the expense of steam. First in the outlay* 
on 100 miles of ground. To work a coach well with horses 100 miles up anr \ 
100 miles down once a-day will require 100 horses. A horse a mile is tl{ ^ 
present calculation for doing the work. If these horses be taken at 20L 6 ' 
30/. per horse, or say 25/., it will amount to 2,500/. TTiree steam-carriage;^ - 
will do the same work, and the expense of these will be about 600/. each, or^». 
1,500/. for the three. A saying wiU consequently be effected in the first out- \ 
lay of 1000/. in capital. 

" The wear and tear of horses may be estimated at about 6/. each, per an- 
num, on the 100 horses; viz. 500/. per annum. 

" The wear and tear of the three steam towing-carriages will not exceed 
100/. each per annum; 300/. for the three; saving in wear and tear 300/. 

" The expense of shoeing, keep, provision, attendance, harness, &c. is, per 
day, somewhere about 3«. each, or 15/. upon the 100 horses. 

" The expense of fuel for two carriages, one up and the other down, doing 
the same work, will be that of 100 bushels of coke at 6d, per bushel ; say 
2/. 10*. 

" Or if we take 1*. per mile per horse power, it will be about the same. 
The expense of fuel for the steam-carriage will be, on an average, throughout 
England, about 3d, In some coal districts it will not exceed Id, per mile; 
while in other situations it will amount to 6d. 

" I have not taken into this estimate the expense of stables, which is con- 
siderable, when compared with sheds for coke and water. 

" From these data I conclude the carriage may be worked by st&tm at one- 
fifth the expense of horses." 
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Have you any additional evidence to give to the Committee on points 
which you have considered after your last examination ?'' — *' I have no further 
evidence in connexion with the practicability of the carriage." 

** Would you wish to explain your former evidence, or to give any ad- 
ditional evidence upon the subject V — " On looking over the evidence I find 
it correct. I should observe in explanation, that at 3«. a-day I have taken in 
the wear and tear of the horses, and the attendance, and the fuel." 

** How long are your boilers calculated to last ?*' — ** About three years fair 
treatment." 

** How frequently do they require examination ?" — " Once a fortnight or 
three weeks ; it depends on the situations where they work : in some situa- 
tions where lime is held in solution in the water in large quantities they re- 
quire cleaning oftener, but in other situations where there is very little 
earthy matter held in solution they will run for a month or two months." 

'^ Is there a facility of cleaning them?" — '"There is, from recent improve- 
ments in cleaning, very great facility." 

*' Is there any expense attendant on the operation of cleaning ?" — " One 
day's work of a labourer, their not requiring an engineer." 

** Have you any thing further that you wish to state to the Committee ?" — 
«< I would state generally, in regard to the main improvements on steam- 
engines, by which this country has been so much benefited, and the prospects 
of advant4'cs arising from steam-carriages, that they have almost always 
been in a duect ratio with that of removing of horses ; that the great and 
splendid improvements of Mr. Watt have generally been supposed to be 
principally connected with the separate condenser of the steam-engine, and 
the saving of the fuel ; but before Mr. Watt's day, we could empty our 
mines of water in Cornwall, and we could do a variety of other simple work 
by the steam-engine, and so far the improvement of Mr. Watt was simply 
with respect to the saving of fuel ; but I consider that the great national 
advantage arising from Mr. Watt*s improvement has been his application of 
the steam-engine to machinery; and the extent of that advantage to the 
community has been in a direct proportion to the removal of horse-power, a 
most unproductive labourer and a dead expense to the country. If this view 
of the subject be entertained, the application of steam to propelling car- 
riages on common roads will be as important above its application to machi- 
nery generally, as the number of horses employed in locomotion exceed those 
necessary to machinery, which bears no proportion with respect to each 
other. At Hounslow alone, there are at this moment upwards of 1,000 
horses employed in stage-coaches and posting. On the Paddington road, 
a distance of five miles 4)nly, there are upwards of 1,000 horses employed 
at this moment. Throughout Great Britain it is almost impossible to say 
how many horses are employed, but I should perhaps be within bounds if 
I were to say millions, in posting and stage-coaches. If it is possible to re- 
move those horses by an elementary power, which I firmly believe is practica- 
ble, the national advantage must be in proportion to the number of horses so 
removed ; for if it is shown that one carriage-horse can be removed from the 
road by the present state of steam-carriages, I see no reason why every horse 
so employed should not be so removed. It has been decided that the con- 
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danger which would be incurred by the change; and if the engines and pas- 
sengers are not on the same carriage, I think the ordinary danger would on 
the whole be diminished/' 

** The question is with reference to the relative danger of travelling ten 
miles an hour when drawn by horses, and when propelled by steam at the 
same rate ?" — ''The danger of being run away with and overturned is greatly 
diminished in a steam-coach. It is very difficult to control four such horses 
as can draw a heavy stage-coach ten miles an hour in case they are frightened, 
or choose to run away, and for such quick travelling they must be kept in 
that state of courage, that they are always inclined for running away, par* 
ticularly down hill, and at sharp turns in the road. The steam-power has 
very little corresponding danger, being perfectly controllable, and capable of 
exerting its power in reverse, to retard in going down hill; it must be care- 
lessness that would occasion the overturning of a steam-carriage, which 
carries the passengers in the same carriage with the engines. The distinct 
carriage I consider to be much less controllable in turning comers and going 
down hill, but yet far more so than horses. The chance of breaking down 
has hitherto been considerable, but it will not be more than usual in stage- 
coaches, when the work is truly proportioned and properly executed. The 
risk of explosion of the boilers is the only new cause of danger, and that I 
consider not equivalent to the danger from the horses. There have been, for 
several years past, a number of locomotive engines in constant use on rail- 
ways, all of them having large high pressure boilers, very much more danger- 
ous than Mr. Gumey's or Mr. Hancock's, whether we consider the proba- 
bility of explosion, or the consequences likely to follow an explosion, because, 
being of large diameters, they are less capable of sustaining the internal pres- 
sure of the steam, and also they contain a large stock of confined steam and 
hot water. The instances of explosion among those locomotive engines have 
been very rare indeed." 

" Have you seen Mr. Hancock's i last improvement ?** — " Yes ; I consider 
Mr. Hancock's boiler to be much better for steam-coaches than any other 
which has been proposed or tried." 

*' If that boiler were to explode, it is understood that there would be no 
danger at all?" — ''It is very difficult to foresee that; at the same time the 
risk of explosion in Mr. Hancock's boiler is certainly very much less than in 
the locomotive boilers which are in constant use on a large scale on railways, 
and where we have proof that the extent of the danger is very small." 

" Do you think his boiler might explode without the passengers knowing 
any thing about it ?" — " The metal plates of which the boiler is composed 
will bum through by the continuance of the action of the fire, and may crack 
or open so as to let the steam or water out of the boiler and disable the coach 
from proceeding, but that is hardly to be called an explosion ; no one would 
be hurt ; the crack which lets out the hot water is sure to throw it into the 
fire in that case, and not on the passengers." 



1 The comparative merits of Mr. Hancock's, Mr. Guraey's, and other 
boilers, will be discussed in the following pages. 
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" You consider the danger to passengers by the chance of bursting of a 
boiler as not equivalent to the danger of horses running away }" — " It is not 
equivalent in my opinion ; the probability of a coach being overturned by the 
horses is far greater than that of a boiler bursting, and when either accident 
does occur, the probable extent of mischief from an overturn in which all the 
paasengers must participate, is much greater than could be expected from the 
bursting of a boiler, which must always be kept at a considerable distance 
firom the passengers on account of the heat/' 

" Supposing either Mr. Hancock's or Mr. Gumey's boiler were to burst ; 
in the one case the boiler being in a separate carriage, and in the other the 
boiler being at a considerable distance behind the passengers, what danger do 
you think could arise to the passengers jErom the bursting of the boiler V* — 
'^ There is very little difference between the two cases ; the separate carriage 
obviates any apprehension that passengers could entertain from the danger of 
eiplosion, and will therefore be preferred by most passengers, but for myself 
I do not rate that risk so high as to be induced to encounter the complexity 
of the two carriages, and to forego some of that new security which steam- 
power offers by its controlability in descending hills and turning comers, 
compared with horses ; and in which circumstance, as I have before stated, 
I think the plan of one carriage is much to be preferred, and probably the 
other objections of heat and noise and dust may be overcome by some new 
means, which have not yet been shown : in Mr. Hancock's carriage the boiler 
is quite behind, and away from the passengers, so that they are out of danger, 
if there is any, and are not materially annoyed by heat or smoke, and dust, 
except at times when the wind brings it forwards, and that rarely happens 
when the coach is moving.'* 

" Is not the danger attendant on the bursting of the boiler greatly dimi- 
nished by the subdivision of its internal capacity into tubes or small and 
flattened chambers i" — '^ Unquestionably, imtil the danger of explosion has 
become exceedingly small." 

The actual casualties of stage-coaches, however, we may 
observe, bear no proportion to the loss of lives from consumption 
and other diseases occasioned by cold and wet, from exposure 
on the top of coaches \ 

Let us consider also how far humanity is outraged by the 
present system of quick travelling. The short average life of 
stage-coach horses (three years only!) shows how dreadfully 
over-wrought and out-wrought they are by the great speed now 
in practice. Driven for eight or ten miles, with an oppressive 
weight, they tremble in every nerve. With nostrils distended, 



1 It appears from the newspapers that on the night of the 25th February, 
1812, three outside passengers were found dead on the roof of the Bath coach 
from the inclemencv of the weather. 
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and sides moving in breathless agony, they can scarce, when 
unyoked, crawl to the stable. Tis true they are well fed ; the 
interest of their owners secures that. They are over- well fed, in 
order that a supernatural energy may be exerted. The morrow 
comes when their galled withers are again to be wrung by the 
ill-cushioned collar, and the lumbering of the wheels. But we 
do not witness all the misery of the noble and the generous 
steed. When the shades of night impend, the reproaches of the 
feeling, or the expostulations of the timid, traveller no longer 
protect him from the lash ; and the dread of Mr. Martin's act 
ceases to effect for a time its beneficent purpose; when the 
stiffened joints — the cracked hoofs — the greasy legs — and stum- 
bling gait of the worn-out animal, are all put into agonized 
motion by belabouring him upon the raw ! The expression is 
Hibernian, but the brutality is our own. A few ill^gained 
pounds reconcile the enormity to the owner — and the cheap^ 
ness and expedition of the conveyance give it public sanction : 
but humanity is outraged by the same : human sympathies are 
seared ; and the noble precept, that ^^ the mercifid man is mer- 
ciful to his beast,'' is trampled under foot 

Thus then, by substituting elementary for physical power, we 
have comfort for comparative inconvenience— the inside of an 
elegant apartment, where books, amusement, or general con- 
versation may occupy agreeably the time — for the outside of a 
hard, unsafe stage conveyance, and exposure to all changes or 
varieties of atmosphere. Nay, we see no reason to prevent such 
improvement in steam-carriages as shall fit them up like steam- 
boats, the campaigning carriage of Napoleon, or the travelling 
long coach of the present Duke of Orleans, with beds, and a 
furnished table. We have besides safety for danger — accelerated 
speed without inhiunanity — gain of time — of accommodation — 
of money — and over and above all, as a non-consumer of food, 
we have by the substitution what will remove the host of Mai** 
thusian ills to a period of almost indefinite duration. 



CHAPTER 11. 

THE M£ANS BY WHICH AN ELEMENTARY POWER IS 
OBTAINED AS A SUBSTITUTE FOR ANIMAL POWER, 



The source of steam or elementary power is heat. A limited 
quantity is generated by the combustion of a limited quantity d 
jhel; and if this can be embodied and suddenly abstracted, it 
can be made applicable to locomotion, or any other purpose of 
xnechanical agency. It may, however, be embodied and produce 
a powerful effect, although it cannot be suddenly abstracted, but 
then of course it is not applicable to machinery. 

A beautiful instance of this occurs in the preservation of the 
Conservatoire des Arts et Metiers at Paris, the walls of which had 
begun, owing to the weight of the roof, to recede from each other* 
Iron bars, with screws and dises on each end, were inserted and 
passed through both walls- — the bars were heated, and in their 
expanded state the dil^es w^e screwed up close to each wall. 
In cooling, an enormous power was exerted by the contraction 
of the bars which drew the walls back into their proper position. 
It is impossible to deny that heat is the caiuae of power : and 
that power is not in proportion to the quantity of heat generated, 
but to the quantity which can be embodied in a state disposable 
for use. 

That state in which it is most disposable for use is when the 
beat has been imparted to water and formed the vapour steam. 
A low pressure or condensing steam^ngme, by having the steam 
instantly condensed again into water, will illustrate this. Here 
the heat has entered the water, formed the steam, and a cold 
application depriving the steam of its heat reduces it to water 
again. Now water of one bulk, say a cubic inch of water, when 
formed into strain, occupies 1700 bulks, or 1700 cubic inches : 
and it is by throwing heat into the single bulk of water, thus 
increasing its bulk 1700 times, and then by abstracting that heat 
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with a cold application, so as to reduce the 1700 bulks to one 
bulk again, that power is produced in the low-pressure engine. 
It is this generation and destruction of heat that produces the 
movement of dilatation and contraction. A chemical movement 
thus obtained is easily applied in a machine by the engineer, so 
as to maintain the power which can " engrave a seal, and crush 
a mass of obdurate metal like wax before it ; draw out without 
breaking a thread as fine as gossamer, and lift a ship-of- war like 
a bauble in the air;^ which ^^can embroider muslin, forge 
anchors, cut steel into ribands,^' — and impel itself against the 
opposition of the very tempest. 

Another mode of obtaining power in a steam-engine from heat 
imparted to water is by high-pressures : and it is this modi- 
fication of the steam-engine which is used for steam-carriages. 

A short description for the general reader may be deemed an 
essential part of a work of this kind. 

All high-pressure steam-engines consist of a boiler, or generator 
of steam, and of a working-cylinder, where the steam is applied — 
and of a water-pump which feeds the boiler with a firesh supply 
of water in the place of the water which has been evaporated. 

Plate I. is intended to show how the operation takes place. 

A, the fire-place, where heat is formed by combustion of the 
coals or other fuel. 

B, the boiler, about half filled with water. In the upper 
part of this boiler, above the surface of the water, is the space 
occupied by the steam. The heat below has been transmitted to 
the water. The water has boiled, and in its ebullition keeps 
generating more steam. If the fire be kept brisk, and no passage 
provided for the steam to escape from, it is clear the steam must 
be confined or pent up, and more ready to rush out at the first 
vent More and more heat is applied below. The water ab- 
sorbs it, and more and more steam is generated, which steam, 
firom every thing being closed, is very much pent up, and is in 
the state called high-pressure. Of course, if we still keep adding 
heat, and generating steam, the pressure within will be too great 
for the strength of the boiler to stand, and the boiler will burst. 
Some steam-engines are intended for work with one pressure, 
and some with another. There are steam-engines which work 
with 301b. pressure upon each square inch of the boiler, and 
those which work with 2001b. pressure upon each square inch. 

At first it would appear that the high-pressure engine is more 
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dangerous than the low-pressure engine. But such is not found 
to be the case in practice. In all cases where high-pressure 
boilers have been attended with danger, there has been the most 
gross and culpable neglect : under which the same thing would 
have, and has happened, with low-pressure engines; and in al- 
most every case of sudden explosion the boilers have been made 
of cast-iron instead of wrought-iron: and it may have the effect 
of removing all fear when we say that some recently-invented 
boilers, such as Gumey's or Hancock's, described below, are 
completely free from danger. 

When the steam is raised in the boiler B, and ready for use, 
we open the cock C, and the steam will flow up the pipe C, and 
past G, and press the piston D in such a manner, that D will 
descend, pushing before it the air or vapour which is below it, 
and in the pipes leading from the lower part of the cylinder. 
This air or vapour will be driven along the pipes, and through 
H F out into the atmosphere J, where it will be dissipated. It 
will now be seen that the piston D has traversed from the top to 
the bottom of the cylinder. Now if the handle E (the handle of 
a cock, F) be turned into the dotted position, it is clear the cock 
it acts upon will have a similar movement, and open the com- 
munication from G to the atmosphere J; whilst the communi- 
cation C F H will be opened from the boiler, to allow the steam 
to act on the under side of the piston D to press it up again. — 
Thus the piston will alternately be raised and depressed; and so 
long as the boiler supplies steam this alternating motion will be 
continued : the cock (valve) F being turned at each movement 
so as to allow the steam to press on the one side of the piston, 
whilst it allows the steam at the other side to rush off into the 
atmosphere at J. 

But the turning of the cock (or valve) is not a manual opera- 
tion. The hand is only applied to it when starting or stopping 
the engine. When the engine is at work, she opens and shuts 
for herself; a simple piece of mechanism, appropriately called a 
tappit, striking the handle E on the one side or the other as re- 
quired. We have not shown this, lest the drawing should be too 
complicated. SuflSce it to say, the engine can be made to do it 
The mode will appear simple hereafter. 

When the piston D is driven from one end to the other, like 
a shuttle-cock, it will be obvious that the piston-rod K is driven 
with it. This rod is connected by another rod L, which acting 
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npoti the crank M, turns it round, describing the dotted circle in 
the direction of the arrow. Thus, from the alternating recti- 
linear motion of the piston a continuous circular motion is ob- 
tahied. But it will be seen that when the part marked N reaches 
ii!L its revolution either of the pcAnts O, there will be an uncer* 
tunty which way it would turn to go the next circle : it might 
falter and go back again. In stationary engines a heavy fly-wheel 
P helps the motion to continue over these centres, as they are 
called. In steam*carriages, however, the weight of a fly*wheel 
is so great that it cannot be used, and therefore two engines are 
used to the same boiler; one engine always being in full force 
when the other is passing the centre — so that there is a conti* 
nuons and unimpeded motion round the circle. 

The pow^ of the engine is calculated by &e efiect it {Ad- 
duces in moving Ihe piston at a given speed, from end to end of 
the cylinder* Suppose the steam presses on Ihe side of D next 
the boiler with a ferce equal (say) to 50 lb. on esxh square inch, 
and the force of the atmosphere, 15 lb. on each square inch, is all 
that opposes the movement of the piston; the di&rence betwixt 
the 50 lb. pressure of steam and the 15 lb« pressure of the atmo- 
sphere is S51b.; and if the area of the whole piston D be 28 
square inches, we have a positive pressure of 980 lb. to move the 
piston D up to the other end. When it arrives at the upper end 
the cock F is turned, so as to allow the steam to enter at the 
other (that is, the upper) side of the piston B, to dnve it back 
again. We have already shown how the steam below the piston 
is got rid of; it (at 980 lbs. pressure) rushes off into the atmo- 
sphere* 

The steam blown away requires to be repaid to the boiler in 
water, which is done by a little pump worked by the en^ne. 

There is in the steam-engine ^^ a circulation like that of the 
blood in the veins of animals, having valves which open and shut 
in proper periods; it feeds itself, evacuates such portions of its 
food as are usdess, and draws from its own labours all which is 
neceBsaiy to its own subttstence." 

R is a safety-valve which is of a certain weight, or having 
weights on it. Say in the present instance that the area of the 
valve is one square inch; then the weight (m it must be 50 lb. It 
will easily be seen, that if by neglect or any other cause too much 
steam or too great a pressure of steam should accumulate in the 
boiler, this valve will rise, the steam will blow away, nor will it 
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shut again so. long as the steam is at a pressure above 50 lb. per 
square inch, which it is, in this instance, intended to work 
to. The valve may be so adjusted as to blow open at a single 
pound pressure, at 300 lb. pressure, at any intervening pressure, 
or any higher pressure. 

It is unnecessary to follow out this description. The steady 
and continued power being thus obtained, can be adapted to a 
variety of movements, ^^ and drag the slow barge or drive the 
rapid car." 

We have said above, that if the pressure of the steam was 
allowed to go on accumulating in the boiler without an exit 
being found for it to escape by, the boiler would bm*st, and of 
course the larger the boiler the greater the chance of danger. 
The safety-valves — ^for generally there are two, lest One should 
be deranged — are sufficient to prevent the accident of explosion. 
Indeed the bursting of a weU made wioughi4ron boiler is of 
very rare occurrence. In the course of the next chapter, the 
causes of explosion, and the successful means of completely pre- 
venting danger, when such an event does occur, a^e more fully 
discussed. 

The late Mr. Murdoch, of Soho» made several calculations and 
some experiments for a locomotive engine, in conjunction with 
the late Mr. Gordon, in the year 1819, for the purpose of intro- 
ducing compressed air as the immediate motive-power. But the 
compression of aeriform fluids was then in its infancy, and they 
were on that account discouraged in their proceedings. Their 
object was to store up power in the elastic air, compressed 
highly, and to let it down into a piston-^igine by degrees, in- 
stead of steam. This may be more easily explained to some 
readers by the example of a watch or time-piece, in which the 
power of the winder's hand is stored up in the spring, and allowed 
to unwind itself and operate by degrees in making the watch go. 

If we squeeze a sponge which is in good condition, we squeeze 
out the air contained in it, and when we relax our grasp, the 
sponge again distends itself and fills its cells with air. Sup- 
pose then that we squeeze or compress a cubic foot of air by an 
apparatus made for the purpo^. In so doing we squeeze out 
the latent heat contained in that cubic foot of air. Still con- 
tinuing the pressure, we press out more heat. The cubic foot of 
air is now reduced, say to one-thirtieth part of its original bulk. 
But as this is an unnatural state for it to remain in, there is a 

13 
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tendency in it to dilate in proportion to its density. Care must 
be taken to keep it tightly pent up until the power thus stored is 
wanted. 

Suppose that we wish to use this power, we allow it gently to 
escape, which it will do at any opening, however small. It ex- 
pands instantly, satisfying its avidity for the heat formerly forced 
from it as it expands by taking heat from surrounding objects, 
and the circumambient air. Thus a power is got, which is the 
movement from a state of compression to a state of dilatation — a 
movement somewhat similar to the expanding movement of 
high-pressure steam described above. 

The apparatus which compresses this air is kept cool by cold 
water externally applied, otherwise the quantity of heat forced 
from the air would make the pumps red hot. So also the expan- 
sion of the air must be well provided for, otherwise the cold 
produced is so intense that the machinery may be clogged up 
by a deposition of ice or snow. The surrounding atmosphere, 
robbed of its heat by the expanding power, deposits its moisture 
in a state of ice or snow. 

This would be an interesting subject to illustrate farther by a 
variety of phenomena, which tiie extensive compression of car- 
buretted hydrogen gas and atmospheric air by the late Mr. 
Gordon have made us acquainted with, but at this early stage 
of experiments upon locomotion by compressed air, such is 
unnecessary. 

The Earl of Dundonald (the gallant and ingenious Lord 
Cochrane) is now making extensive experiments in pneumatic 
engines, to be propelled by compressed air. And from the 
mechanical ingenuity and scientific observation of that noble- 
man we may expect the most happy results. 

Certainly a store of power carried in this manner would be of 
veiy great advantage, where the steam-engine itself may be 
objected to. The flow of compressed air, from the reservoirs to 
the piston engine, could be rendered as easily manageable as 
any steam-engine. Experience alone can determine the point 
of expense. But I am sanguine enough to expect that a few 
years may see its introduction as a noiseless and agreeable mo- 
tive power for locomotion, in crowded streets and pleasure 
rides. 

It is believed that Mr. Medhurst, who obtained a patent in 
1799, was the first to propose working machinery by means of 
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compressed air, but at that period the compression of air was ill 
understood) and had not been practised to any extent. Mr. 
Lemuel Willman Wright obtained a patent in April, 1828, for 
the application of compressed air to work machinery ; and 
Mr. Mann obtained a patent in 1829, for applying compressed 
air as the moti ve«-power of carriages ; but there has as yet been 
no scheme for using compressed air made public, which can be 
safely engaged in. 

An engine, which created a considerable interest in 1824 and 
1825, was invented by Mr. Brown of Brompton, named a gas- 
vacuum engine, in consequence of a partial vacuum being 
formed by the combustion of carburetted hydrogen, or any other 
combustible gas, and atmospheric air. The inventor applied th^ 
effects of the vacuum thus produced to the movement of a piston 
in a cylinder, and he deemed it particularly available for the 
purposes of locomotion. A power was got in a piston-engine, 
and a locomotive carriage was, on more than one occasion, pro- 
pelled for some distance by this engine. Small paddle-boats 
were also exhibited on the Thames. But the use of the piston- 
engine seems now to be abandoned by Mr. Brown. 

Als a machine for raising water it has been more prosperous, 
although in its most perfect state far inferior to the steam-engine, 
on account of the expense of the gas required. 

That some notice of this engine comes within our province 
will be allowed, when we state that the late Mr. David Gordon, 
the inventor of the portable gas-apparatus and of two locomotive- 
engines (Plates V. and VIII.) impressed with the great importance 
of locomotion, originated a society of gentlemen in 1824, " tending 
to the ultimate establishment of a company for the purpose of con- 
tracting to run the mail-coach and other carriages, by means of 
a high-pressure steam-engine or of a gas-vacuum or pneumatic- 
engine, supplied with portable gas.'' 

The committee of that society had only a limited sum at their 
disposal, nor were there to be more funds until a carriage had 
been propelled for a considerable distance at the rate of ten 
miles in an hour. Mr. Gordon soon saw that his expectations, 
in regard to the gas-vacuum engine, had been too sanguine, 
and immediately endeavoured to get the committee to proceed 
with a steam-engine. This unfavourable view of the gas-vacuum 
engine was formed from seeing the quantity of gas required in 
the engine's working, and from the expense of compression U> 
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render the gas portable. If the expense of ^compression can be 
borne, we conceive it will be for the purpose of high-pressore 
air, in which case the carriage will be propelled by the ex- 
pansion of the compressed air into the piston-cylinder, as 
above described ; calculating the value of coal-gas to be three 
shillings per 1000 cubic feet, (and it is the cheapest gas), the 
expense of this engine is very greatly beyond that of a steam- 
engine. If it were used as a piston-engine for locomotion, the 
gas would have to be compressed into the portable shape, which 
would add, at the very least, three shillings and sixpence per 
1000 cubic feet more. 

Various schemes have been proposed for using gunpowder as 
a portable and powerftil first-mover; but the danger of gunpowder, 
and its very great expense, except when used for projectiles, are 
sufficient reasons for abandoning the hope of its being made 
available for locomotive purposes. 

In March, 1831, 1 proposed to several military engineers the 
extension of the beautiftil and accurate science of projectiles for 
the purpose of inland communication ; and my MS. was about 
that time recorded in the libraiy of the Royal Engineers at Chat- 
ham. Its title was, " Message-shells a substitute for the Tele- 
graph and Mail :" and my object was the projection of elongated 
cylindrical hollow shot, by parabolic curves, three miles at their 
base. The shells were to contain letters and despatches. 

Many experiments have been made for the purpose of ob- 
taining some other liquid than water, which could at a lower 
temperature and cheaper rate, be converted from the liquid to 
the aeriform state, and again condensed by the application of 
moderate cold: and in the Philosophical Transactions, 1823, 
will be found some interesting papers by Mr. Faraday, and also 
by Sir Humphry Davy, who had in view the generation of 
different gaseous bodies under pressure, with the hope that, from 
the facility with which their elastic forces might be diminished 
or increased, by small decrements or increments of temperature, 
they would be applicable to the same purposes as steam. Mr. 
Faraday ascertained that the vapour from fluid carbonic-acid 
exerted a pressure of thirty -six atmospheres, but says the appli- 
cation of such a gas as a mechanical agent will be attended with 
some difficulty; and in his paper, read before the Royal Society, 
he says, " The small differences of temperature required to pro- 
duce an elastic force equal to the pressure of many atmospheres^ 
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will render the risk of explosion extremely small ; and if future 
experiments should realize the views" developed in that paper, 
" the mere difference of temperature between sunshine and shade, 
and air and water, or the effects of evaporation from a moist sur- 
face, vrill be sufficient to produce results** equal in effect to the 
steam-engine* 

About this time Mr. Gumey, who had stated, in his public 
Lectures on the Elements of Chemical Science, in 1822, that 
*^ elementary power was capable of being applied to propel 
carriages along common roads with great political advantage, 
and that the floating knowledge of the day placed the object 
within our reach;** seeing the accounts of such experiments, 
and with the view of satisfying himself, and showing the true 
bearing of such propositions, in the institution with which he 
was connected made a course- of experiments, in which he 
found that ammoniacal gas was manageable. This gas, like 
steam, being absorbable in water, imder reduced temperature 
and pressure, and being given oiit again with considerable force 
by heat, offered properties available for a motive power, capB.ble 
of being worked with the ordinary apparatus of tiie steam- 
engine, or at least without requiring much alteration or change 
in the mechanical arrangement; and he constructed a littie 
locomotive-engine which acted by this power with great regu- 
larity. This experimental apparatus was eventually made the 
basis of a steam-engine, with which his first experiments in 
locomotion on common roads were made. 

In 1825, Mr. Mark Isambard Brunei, obtained a patent '^ for 
certain mechanical arrangements for obtaining powers from cer- 
tain fluids, and for applying the same to various useful pur- 
poses." He gave the preference to carbonic acid gas. Still 
there was the great mechanical difficulty attendant upon the 
higfa-pressure of 30 atmospheres, above which his engine must 
work. No machine yet made could keep sound and free from 
leakage at such a constant pressure. 

From these experiments, however, we may infer, that ere long 
the vapour of ammonia may be successfully brought into use as a 
prime mover. Meantime we have a safe, economical, and cer- 
tain power in the steam-engine, sufficient for those extensive 
operations with steam-carriages on turnpike roads, which are con- 
templated in the first chapter of this work. 

d2 



CHAPTER in. 

THE RISE, PROGRESS, AND DESCRIPTION OF STEAM- 
CARRIAGES. 



So early as the year 1759, Dr. Robison, (subsequently Pro- 
fessor of Natural Philosophy in the University of Edinburgh,) 
then a student at Glasgow, threw out the idea of applying the 
power of the steam-engine to the moving of wheel-carriages. 

In the year 1772, Oliver Evans, an ingenious American citi- 
zen, then apprenticed to a wheelwright, laboured to discover 
some means other than animal power for propelling land-car- 
riages. He was accidentally made acquainted with the power 
with which steam is generated from a small quantity of water in 
the breech end of a gun-barrel, plugged up tight, and placed in 
a smith's fire. He was fortunate enough to find a book describ- 
ing the old atmospheric steam-engine, and was astonished to 
observe that the steam was only used to form a vacuum, instead 
of being rendered available by its elastic power. Amidst much 
ridicule, he confirmed his discovery by experiments. 

" In the year 1786, he petitioned the legislature of Pennsylvania 
for the exclusive right to use his improvements in flour-mills, 
and his steam-waggons, in that State. The committee, to whom 
the petition was referred, heard him very patiently while he de- 
scribed the mill improvements, but his representations concern- 
ing steam-waggons made them think him insane. They, how- 
ever, reported favourably respecting the improvements in the 
manufacture of flour, and passed an act granting him the exclu- 
sive use of them as prayed for. This was in March, 1787, but 
no notice is taken of the steam-waggons.'' 

A similar petition having been presented to the legislature of 
Maryland, that legislature, upon the argument that the grant 
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could injure no one, conferred upon Evans, for a term of fourteen 
years, after 1787, the exclusive right of making and using steam- 
waggons in that State* 

Although it does not appear that any thing more than a good 
high-pressure fixed engine resulted fi:om his labours, we can- 
not omit a very striking prediction in the work of this great 
prqector. " And I verily believe," says he " that the time will 
come when carriages propelled by steam will be in general use, 
as well for the transportation of passengers as goods, travelling 
at the rate of fifteen miles an hour, or 300 miles a-day on good 
turnpike-roads.'* 

In the year 1784, Mr. James Watt, whose wonderful genius, 
it may be said, broke in and trained the steam-engine, took out 
a patent, amongst other improvements of the steam-engine, for a 
mode of applying it to wheel-carriages. 

In the year 1802, Mr. Richard Trevethick invented a high- 
pressure steam-engine and boiler in one^machine, of a very com- 
pact and complete kind. 

Plate II. gives a side and end view of this invention on four 
wheels. The boiler was made of cast-iron, and had the fire-place 
in the interior of it, as shown in Plate I. Into the boiler B, at 
one end of it, was fixed the cylinder, and the steam being sup- 
plied to the engine as described above in Chapter II, the piston ^ 
was raised or lowered. At the top of the piston-rod C it will 
be seen there is connected a cross-beam D : the ends of this cross- 
beam are kept parallel by the vertical round rods E, thus 
preventing the piston-rod firom bending to the one side or to the 
other. From the end of D descend the connecting rods F, which 
are made to embrace crank pins G on the front wheels on each 
side of the machine. When these connecting rods are raised 
and lowered by the alternating motion of the piston, the two 
wheels H will be turned in the direction of the arrow, and the 
machine will advance along the road firom left to right. This 
movement, however, of the wheels, will not always be attended 
by the same efiect. For instance, suppose the wheels H H 
were placed on apiece of smooth ice, or greased board, the alter- 



1 This drawing I took from the first model of the locomotive-engine 
-which Mr. Trevethick made. I am indebted for it, and other information, to 
Mr. Partington, the historian of the steam-engine, who used this model in his 
public lectures at the London Institution, and other places. 
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uate ridbg and falling of the piston and its rotary motion oon- 
veyed to the wheels, might fail in effecting a progressive motion 
of the carriage, because the wheels H H,bdng placed on a slip- 
pery soi&ce, would just slip round in the same positi<Hi upon 
the ice or greased board. But if, instead c^ there being a slippery 
surface under Hie wheels, there be placed a rough surface, the 
wheels would then not slip ; and as the power of the steam must 
go somewhere, and cannot slip the wheels, it forces the whole 
machine onward. This may be resembled to the operation of 
helping a cart forward by pulling or pushing the wheels round : 
an example of every day occurrence. 

Mr. Trevethick, in the carriage which he constructed in 1804, 
used only one cylinder, and got over the difficulty of his centres 
by the momentum of the carriage when in motion. 

It will not be a matter of surprise, that, at a period when turn- 
pike^roads were very ill made, after experimenting on the pre- 
sent site of Euston Square, and a few other places, the inventor 
discontinued his attempts on common roads, and confined his 
operations to a rail-way. 

Even here there was a difficulty. Bails were not always laid 
on a dead level ; and in attempting to ascend inclined rails, the 
adhesion of the wheels to the rails was too slight,, and the car- 
riage could not be forced up without projections on the outer 
part of the wheel, or some other roughness, all of which tended 
to injure the rail-way. — J is the fire-door. The fire is in a 
cavity made in the inside of the boiler, and occupying the space 
shown by the dotted line. K is the chimney ; L the waste 
steam-pipe through which the waste steam is puffed off into the 
air. Upon the cross beam D there is a little projection at M, 
which acts upon two similar projections on the valve rod N* As 
the cross beam D rises or falls, it will strike either O on its 
under side, or P on its upper side, and this movement of the rod 
N, up. or down, opens or shuts the steam-valve R. S, the 
safety-valve. 

Mr. Blinkinsop, to obviate the difficulty of the wheels slip- 
ping, took out a patent in 1811, for a rail-way, with a rack at the 
side of it, as shown in Plate III. fig. 1. This rack was for a large 
toothed wheel to work into. There were two cylinders, B and 
C, for the purpose of each piston helping the other over the 
centre, as explained below. The cross-heads of the piston rods 
worked in parallel motions, D D, to the outside of each of which 
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they prqected, and to these projections the c(»mecting rods £ £ 
were attached by brasses, straps, and keys. These ccnmecting 
rods were, at their lower extremities, attached in similar manner 
to the crank-*arm8 F F. These crank-arms turned (in their rota- 
tion round the centre 6,) the little spur-wheels shown in the 
plate, and these spur-wheels acted together on the wheel H, 
which was firmly fixed on the driving spur-wheeL The rotation 
of this spur-wheel A is easily traced — tooth after tooth imbeds 
itself in the cavities of the toothed rail, and a hauling forward 
is the ccmsequence. 

The use of two engmes (I mean of two cylinders and two 
pistons,) is, that where one piston (as in the case of the piston 
in C,) is just finishing its upward motion, to go down, and inclined 
to falter, the piston in B is in full play upwards, and both being 
connected, the faltering of the one, or tendency thereto, is cor- 
rected by the other. 

The rack-rail was only on one side of the way. The boiler 
was placed and rested on four bearing wheels. J is the fire- 
door, firom which a hollow tube (containing the fiimace) goes 
through the boiler firom end to end. E is the chimney. L is 
the waste steam-pipe, through which the steam is puffed off. 

Messrs. William and Edward Chapman took out a patent in 
1812, in which they specified the machine, Plate IV. figure 1. — 
The weight was distributed on eight points instead of only four, 
which, on a plate railway, or weak rail-road, was an advantage. 
The beam A, and its corresponding piston B, in the upward 
and downward motion on the fiilcrum C (a fixed point), worked 
the connecting rod D, which was attached to the crank-arm E. 
The revolutions of this crank-arm were attended by correspond- 
ing revolutions of the toothed wheel F, which was on the 
same centre. And the drawing exhibits the working of F 
into G, and from thence to the spindle or axle of each pair of 
wheels. 

Mr. Brunton, of Butterly iron-works, seeing the difficulty of 
others, struck out a new plan altogether, by which he arrived at 
a substitute for horses' legs. The piston rod A of the engine, 
Plate v. fig. 1, in its outward motion, forces out the leg and 
foot B, which pushes behind ; at the same time, the alternate 
motion of a horizontal toothed wheel C above the boiler, works 
in a rack on the rod D, and thus pulls in the leg E. When the 
piston rod A travels back, the leg B is lifted back, and the same 
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ifeturning stroke of the engine forces out the leg E in its torn, 
hy means of the toothed wheel above ^ 

A lamentable accident from the cast-iron boiler stayed Mr. 
Brunton's exertions. This was a perfect mode for avoi(Ung loss 
of steam*power by the slipping of the wheels. Mr. Brunton, 
however, fiilly proved the capabilities of such a locomotive 
engine with legs, both at Butterly and at the Crick lime^ 
works. 

At KiUingworth colliery, in 1814 and 1816, Mr. George Ste- 
venson constructed several engines, of one of which a side and 
end view is given in Plate VT. There were two cylinders, and 
the motion was given to the wheels in a manner similar to 
Trevethick*s engine (Hate II.) But here Mr. Stevenson obtains 
the friction of four wheels at the same time; and the pistons in 
A and B work simultaneously, the front and hind wheels which 
they act upon, being connected by their axles, on which there is 
an endless chain C working on D D. The revolutions of the 
axles of the wheels cause the' valve connexions E.E E E, to be 
worked by the eccentric F, and its fellow eccentric. The pump 
G is worked by the up and down stroke of the piston rod. — 
H, the fire-door. J, the ash-pit E, the chimney. The fire- 
place and flue being through the inside of the boiler, and sur- 
rounded by water. L.L. are cylinders, of which there are four. 
In these, four pistons work, and the pressure of the steam on their 
upper side forms a spring of the best kind, to preserve the engine 
from concussions. 

This was the most perfect rail-road engine at work until 1830, 
when Messrs. Stevenson and Co. produced engines on the Liver- 
pool and Manchester rail-way, which have completely eclipsed 
Mr. S.'s former works. 

I shall not attempt any farther or more minute description of 
raU-road engines, but refer mj readers to the second edition of a 
treatise on rail-roads by Mr. Wood. The present work is more 
immediately intended to relate to steam-carriages without rail- 
roads, although a short description of Mr. Stevenson's new 
boiler, and a plate showing one of his new engines, appear 
hereafter. 

1 Mr. Brunton has politely lent me a much more perfect drawing of his 
engine, wherein the lifting of the feet is more distinctly eidiibited ; but I 
preferred this drawing, because the legs are seen so clearly, which is the 
prominent feature. 
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It is certainly very difficult to account fbr the long delay in 
the adaptation of a steam-carriage to a common turnpike-road. 
Engineers seem to have been shut up to the belief that it was 
impossible. It may be their veiy limited knowledge of the 
nature of a locomotive engine^ and its operation precluded spe« 
culation as to this more extensive application; in much the 
same way as the limited knowledge of steam-boats in 1814 re- 
tarded, for so long a time^ steam navigation on the ocean. 

On a rail-way, the slight adhesion of the surface of the wheels 
to the rail was inadequate to propel the locomotive engine up any 
considerable ascent. This difficulty seems to have engendered 
the notion, — a notion scarcely yet removed, though proved to be 
absurd by a host of facts, — ^that a steam-carriage could never 
ascend a hill of even moderate acclivity. 

When inventors turned their attention to common roads, every 
one of fhem seems to have resolved that the boilers then in use 
on a rail- way could not be adopted on a common road. There- 
fore, light boilers, or boilers holding but a small quantity of 
water, were resorted to as the first requisite. Light boilers were 
now invented in abundance. Scheme upon scheme, and patent 
after patent, in rapid succession, appeared canvassing for pub- 
lic approbation. Out of the abundance, three or four only were 
happy hits ; and these few have been gradually working their 
way into general use. 

Mr. Julius Griffith, in 1821, had a steam-carriage constructed 
by Messrs. Bramah and Sons, the external appearance of which 
is seen in Plate VII. It was intended to work on a good turn- 
pike-road. Many experiments were made with it in Messrs. 
Bramah's yard, where it was to be seen for three or four years 
afterwards. 

A, seat for the engineer. B, boiler. C, fire-door. D, the 
chimney. The engines worked on the spindle of E, which, 
working into F, turned the wheels, and the carriage advanced, 
being guided by a contrivance for that purpose at G. A draw- 
ing of the arrangement of pipes ia this boiler will be found on 
Plate XI. fig. 1. H, the fire-place; the smoke and heated air 
passing through among the pipes J J J, in the direction of the 
arrows, and thence to the chimney. The horizontal pipes J J J, 
were 1| inch diameter and 2 feet long, fastened by flaunches at 
each end, to the vertical boxes K K, which were the means for 
the hot water and the steam to ascend, and for the cold water to 
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descend. OsAj six pipes and two v^tical boxes are shown at 
this end of the boiler, but similar rows of pipes, and their vertical 
boxes, were placed behind these, making 1 14 tubes in all. Above 
the whole, the three chambers L L L were placed as steam- 
room^ and from them the engines were supplied with steam. 

These tubes would not always contain the water, and when 
empty, got so heated, that no force-pump could inject the water : 
on this account the invention was dropped. The steam, as it 
was generated in the horizontal pipes, passed along to the ver- 
tical pipes, from thence to the steam-chambers on the top of all, 
and from thence to the engines. 

There is no doubt the failure is to be attributed solely to the 
boiler. The engines, pumps, and connexions, were all in the 
best style of mechanical execution ; and had Mr. Griffith's boiler 
been of such a kind as to generate regularly the required quan- 
tity of steam, a pierfect steam-carriage must have been the con- 
sequence. 

This observation leads me to a remark, applicable in almost 
all cases, though perhaps not in this, that much money has been 
expended, and an age of time lost, on the one hand by steam- 
carriage projectors (for common roads) adhering too closely to 
their own views, and rejecting counsel ; and from the prejudice 
of experienced engineers on the other. 

When engineers of known ingenuity and experience axe applied 
to, their advice should have every weight with the projector. 

« 

Mr. Farey says, in allusion to steam-carriages of the present 
day : — (Report, p. 44, 45.) 

*' The general question of farther improvements in steam-coaches depends 
upon the general mechanical skill and judgment of the mechanicians who turn 
their attention to the subject, and the peculiar experience ihey foay acquire 
in this particular branch of mechanics." # • * * * 

*' You do not consider the inconveniences of the present steam-coaches to 
be inseparable from the invention ?" — " Certainly not ; but I do not think 
that any of the individuals at present engaged in the pursuit are the most 
competent persons who could be chosen to overcome the remaining diffi* 
cultieSy being inventors, who have almost completed their parts of the task, 
and not experienced practical engineers, into whose hands the affair of build* 
ing the next steam-coaches ought now to pass, under the general direction 
and advice of those inventors ; if the building of steam-coaches is continued 
in their hands, they will only advance towards perfection of proportion and 
execution by slow degrees, as the patentees acquire that general skill as en- 
gineers and mechanists which is already possessed by professional engineers.'' 
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** Yon think that iha mufthnMnr y may bg impmiraa hy h^fetor ^lylinnSiy ^ V»^^ 
** I have not the least doubt of it; and yet those mechanists are not the 
proper men of genius to have invented what has been hitherto done by the 
patentees.'* 

In 1822, the late Mr. David Gordon, the inventor of the portable 
ga&-lamp and the pneumatic apparatus, required in the comprea- 
sion, took out a patent for improvements in wheel carriages, part 
of which he specified to be propelled or drawn by elementary 
})ower. Plate V . fig. 2. represents a side elevation of this machine. 
A, the high-pressure steam-engine, made after the pattern of Mr. 
Trevethick's, and having the wheels made with teeth, worked into 
a rack in the interior of B. B, the large rolling drum, about 
nine feet in diameter, and five feet firom end to end. In the in- 
side of this there was an iron rack, on which the toothed- wheels 
of A worked. By this arrangement the steam^ngine, urged 
forward by its steam, climbed up the interior of the drum, as a 
turnspit dog or squirrel would do in its daily labours ; and the 
large' drum rolling onward impelled the carriage. 

I have lately been informed by Mr. Samuel Moyle, that at a 
subsequent date he used a large drum of this kind with great 
advantage for the transport of heavy goods over a swamp in 
South America. Having a quantity of plate-iron, which was too 
heavy to carry over otherwise, he riveted the plates together 
into the shape of a large cylinder, and carried other heavy goods 
in the inside of it As the party advanced, this huge machine 
rolled with them. Afterwards the rivets were cut ofi*, and the 
iron-plates, arrived at their destination, were put to other use. 

In 1824, Mr. David Gordon took out another patent for an 
arrangement of machinery, by which an action similar to horses' 
feet could be obtained. This was effected by six hollow iron- 
legs, 1, 2, 3, 4, 5f6y (Plate VIII.) at the lower extremity of each of 
which there were feet to push upon the ground. These six legs 
were connected by brasses, straps, and keys, a a, to the outer 
journals of the eight throw crank C C, &c. This crank was pro* 
polled by the pair of steam-engines D D, on the same shaft. 
This crank pushed out the legs backwards, and the carriage run 
forward. The legs were thus projected in succession : 2 follow- 
ing 1, and 3 following 2 ; then 4, 5, and 6, follow in the same 
course, each pushing the ground, for the distance of firom b io b. 
By following this motion of the feet, it will be seen that they trotted 
round the oval, which a line drawn through the figures would de- 
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scribe. This OTal was formed of two diameters, one of the large 
crank C, and the other of the small crank at c. The little crank 
lifted the feet off the ground as they finished their work. The crank* 
shafts C and c were connected by a small spindle F, on which, 
and on the two crank-shafts, were mitre wheels ; so that a large 
crank and a small crank always revolved simultaneously and 
parallel to each other. The object was to substitute propellers 
instead of the driving-wheels ; for that purpose he had propelling 
legs in the middle of the locomotive engine, similar to horses' 
legs and feet, working through the bottom of the body of the 
carriage against the ground, thus propelling the carriage on- 
ward. 

In the fore part of the carriage, and centrically between the 
driving and lifting-cranks of the propellers, are placed the steam* 
engines, (see figure 2) ; these consist of two brass cylinders, in a 
horizontal position, which vibrate upon trunnions ; and the latter 
being hollow, form the induction and eduction passages for the 
steam. The piston-rods of the cylinders are attached to two dis- 
tinct throws of the driving-crank, placed at right angles with 
respect to each other, so that the vibration of the cylinders ad- 
mits of the piston-rods following the revolution of the crank. 
Thus there are eight throws to the driving-crank ; viz. two for 
the cylinders, and six for the propellers, turning upon the same 
axis, but upon nine distinct bearings (two to each throw) on the 
firamework of the carriage. The force of the steam-engines, 
and the rotary motion of the driving-crank is communicated to 
the lifUng-crank, by means of connecting rods on the outside of 
the carriage ; and tiie arrangement is such, that the throws of 
each respective crank are always parallel to each other. 

Figure 2 represents a plan of the machinery in the fore part of 
the carriage ; k k are the eight throws of the driving-crank ; the 
axis of which turns in plummer-blocks, fixed on the wooden frame 
of the carriage ; 1 1 the six throws of the lifting crank, the ex- 
tremities of whose axis are connected to the ends of the axis of 
the driving-crank by means of the rods//; 1, 2, 3, 4, 5, 6, are the 
feet of the propellers connected by their rods to the driving 
crank ; and s s are the double straps by which the feet of the 
propellers are attached to the lifting crank. The steam is brought 
on from the boiler (situated at the back part of the carriage) by 
the pipe r r, and passing through a breeches-piece, enters the 
cylinders ddhj the hollow trunnions^ on which they vibrate : 
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the steam passes out of each cylinder through the opposite trun* 
nions, and escapes by the pipe v. 

It will be perceived that there are three throws to the driving 
crank on each side of the carriage ; on one side they radiate from 
the axis at 120 degrees apart ; they are the same on the oppo- 
site side, but so posited as to come intermediate with the throws 
of the former; that is, when the crank is viewed end- ways all 
the six throws appear uniformly at suvty degrees apart. This 
arrangement is essential to the proper action of the propellers, 
which is, that when a propeller on one side has been thrust out, 
another propeller on the opposite side shall succeed its move- 
ment, instead of an adjoining one. 

The method of constructing this crank is very different to the 
laborious process generally adopted, while it is much better. 
Each arm of the crank is made separately, and with eyes to 
receive the outer and inner journals ; these eyes are chucked in 
the lathe, and faced to receive the journals, which are also turned 
in the lathe : the journals being then put into the arms of the 
crank, when the eyes are expanded by heat, they are pinned 
and rivetted. To prevent the feet bounding off the road, without 
taking hold and pushing the carriage onward, it was found neces- 
sary to use lifting rods. These rods were hollow, and had a 
small solid rod in their interior, which was pressed out by a 
spiral spring in the hollow rod ; so that these connecting rods, 
(the lifting apparatus,) were lengthened when the feet got into a 
hollow, and shortened if tiie feet got on a stone or other little 
eminence betwixt the tracks of the wheels. 

Figure 3 exhibits three of the driving and three of the lifting 
cranks, with their coiTesponding three propellers. 

After attempting to make a light boiler, which he felt to be a 
desideratum, Mr. Gordon applied to Mr. Gumey, and obtained 
one of his boilers hereafter described. This boiler was situated 
in the hind part of the body. 

The whole was supported by three wheels, one in front and 
two behind ; each wheel being supported on both the outer and 
inner side, and having its own axle. There was thus no axle- 
tree extending from side to side, and the well, or lower part of 
the body, was made of a large size, so as to keep the centre of 
gravity near the ground. 

In my evidence before the Committee of the House of Com- 
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motkBf it will be seen (Report, p. 74.) that both of these are for 
the present given up, because-— 

'' Mr. GKimey'B progress in 1826 and 1837* showed clearly that this 
amngentent was not necessary in every case* bat that one of the whe^ of 
the carriage, when attached to the steam-engine* had a sufficient.hold of the 
ground to give progressing motion to the carriage* without using propellers ; 
and the introduction of that invention has subsequently been given up by me 
in consequence." 

** Have both the plans you have given in been given up? "— " Both; it 
was an expensive business to proceed with them. Mr. Gumey had made 
such great advances* that it would have been throwing away money* I think* 
to have gone on further with them. I found that the propelling feet* shown 
in the middle of the engine* do more injury to the roads than the propelling 
wheels." 

Still, there are many situations and seasons in which a steam- 
carriage using its power in this manner may be highly useful. 
A road covered with ice, a sandy soil, or a very soft soil, such 
as a ploughed field, when steam-power is applied to the plough 
or harrow. Nor is this latter case so remote. When steam- 
power is once established on the roads, it will not be long before 
it reach the fields. 

In November, 1825, Messrs. John and Samuel Seaward, of 
the City Canal Iron-works, obtained a patent, under which their 
claim was for ^' the propelling locomotive engines, vehicles, and 
other carriages, by means of a wheel or wheels connected either 
by a swinging frame or frames to the crank-shaft of a steam- 
engine, or other moving power, or working in circular grooves, so 
that it or they may rise or fall to accommodate themselves to the 
roughness or unevenness of the ground, but supporting no part 
of the weight of the said engine, such weight being entirely sup- 
ported by separate wheels." 

The locomotive engine, A A, Plate III. fig. 2. was placed on two 
pair of wheels, B B ; C is the crank-shaft of a steam-engine within 
the body of the machine ; to the shaft C is attached the swinging- 
frame D, vvdth a propeller, E, turning on its axis, G, at the vibrat- 
ing end of the swinging-frame. The steam-engine was upon the 
springs F F, so that the machine might travel on rough roads. 

In 1829, Sir James Anderson and Mr. James constructed a 
steam-carriage under the patents obtamed by the latter gentle- 
man in 1824 and 1825. The striking feature of this invention 
was the boiler, and the high pressure these gentlemen are said 
to have worked with. I have seen their locomotive engine, but 
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not at work ; and as their pressure was then said to be 200 lbs. 
upon the piston/ it may be as well to transcribe from the pub- 
lished account in the Mechanic's Magazine, as much as will 
form the link of history. 

** They* formed the boiler by combining a series of annular 
tubes or ring-formed chambers, which chambers communicate 
with each other by apertures running through the whole series, 
in order to allow the water and the steam to flow freely from end 
to. end of the cylindrical vessel, so formed by the combined tubes 
or chambers ; and which vessel has a furnace adapted within it 
for the purpose of heating the water and the steam contained in 
the annular tubes or chambers. That is to say, (to speak more 
plainly), a series of hollow rings or annular tubes, (made, we 
understand, of the best iron, and three-fourths of an inch in 
diameter), each communicating with the other, are arranged 
spiral-wise and circularly, so as to form a cylinder of rings ; and 
within this cylinder a furnace is inserted upon suitable bear- 
ings, and capable of sliding in and out, which, with its flue, 
occupies the whole interior of the cylinder. The rings or tubes 
form a continuous length of 480 feet 5 inches. They are filled 
with water rather more than half way up. The flame and 
heated vapour arising from the furnace, in passing from thence 
to the chimney, enters the jacket, (or outer casing of the cylin- 
der of rings), and embraces the external surface of the tubes. — 
By these means the water in the lower parts of the vessel (lower 
portion of the tubing) is made to boil, and the steam generating 
therefrom rising into the upper, becomes greatly increased in its 
elastic force by the immediate action of the fire. The steam is 
kept confined in this upper portion of the tubing till the pres- 
sure reaches any desired point, when it is let off by an eduction* 
pipe into the working cylinder." 

The cylinders were four in number, and placed horizontally 
between the hind wheels. The speed of the carriage was at the 
rate of nearly fifteen miles in the hour. But the structure of 
the boiler leads us to doubt whether the steam could be regulariy 
kept up, and, consequently, to doubt if the carriage could ever 
travel fifteen miles in the hour. Excepting that there were no 
sharp comers in this boiler, it does not appear to offer any 
advantage beyond Mr. Grifiith's. Hence it could not be de- 
pended on for permanent and steady work. 

Messrs, Hill and Burstall obtained a patent in August, 1826^ 
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for improvemente in the machinery for propelling locomotive 
carriages. One constructed on their patent was exhibited in 
Leith and in Edinburgh, and also in front of Bethlehem Hospi- 
tal, London, in 1827 ; at which latter place we saw and exa- 
mined it in successful operation. This carriage, however, was 
soon abandoned ; and we will, therefore, refer our readers to the 
Repertory of Patent Inventions for February, 1828, where an 
account of it will be found. 

Inventors seemed now to have received a new impulse. Their 
multifarious plans, good and bad, burst upon us in quick succes- 
sion ; some to make a noise and bustle for a time ; and some 
merely to twinkle from their obscurity, and vanish without 
leaving even a remembrance behind. 

Perhaps many valuable inventions have not been made public. 
At the same time there are many inventions in locomotion, 
which, at this early stage of history, are so little known to us 
that we cannot give an account of them. 

Mr. Goldsworthy Gumey, in 1825, produced a steam-car- 
riage; and his improvements upon it led to his successful 
introduction of steam-carriages on turnpike-roads, as an esta- 
blished and regular conveyance for the public betwixt Gloucester 
and Cheltenham, in February, 1831. 

Mr. Gumey's patent boiler, as now used, is exhibited ia 
Plate X., in which, figure 1 is the front elevation ; figure 2 the 
side elevation of the boiler without its external casing ; figure 3 
the plan. The boiler has been variously modified, but this is a 
view of the most perfect mode which Mr. G. has tried. 

Mr. Gumey also obtained a patent for a locomotive carriage 
in 1825, which is described in the Repertory of Arts in the 
following manner. 

^' In this apparatus, the carriage has two straight perches 
parallel to each other, a small distance asunder, which have 
grooves or hollow channels made at their lower side, for the 
greater part of their length ; in these channels oblong blocks are 
placed, furnished with vertical and horizontal anti-fiiction 
rollers, to facilitate their motion forwards and backwards, and 
from their sides slips project that run in grooves made at the 
sides of the channels, and which serve to prevent the blocks from 
falling out, if the carriage should be raised ; from the bottom of 
these moveable blocks, legs or crutches of metal descend to the 
ground, by which the carriage is impelled ; these legs have a 
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flexure at ibeir tops, towards the head' of the carriage, and another 
at their heeU, in tb^ contriary direction^ to which a curved shoeing 
is fastened, to. keep them from being worn ; they are attached to 
the blocks merely by a vertical bolt that passes through the front 
of the upper flexure a small distance, where it is terminated by 
a nut and screw ; between which nut and the flexure a spiral 
spring is placed, which, by its yielding, enables the heel to pass 
better over small obstacles, and again draws the head up to its 
proper position : these legs may be turned round on the bolts at 
their heads, when it is required to move the carriage in a reversed 
direction. 

" The carriage is impelled by these legs being drawn alter- 
nately forward, and pressed backwards by a steam-engine, that 
acts on the blocks in the following manner ; the main cylinder 
of the engine is placed horizontally, and the head of its piston- 
rod is sustained by a piece of metal, placed in a similar position, 
on which a vertical anti-friction roller, attached to it, runs ; one 
end of which piece rests on the bed of the cylinder, while its other 
extremity is fastened to the back of an upright bar, that ascends 
from the front of the carriage (to which it is also connected at each 
side by an oblique brace) to some distance above the level of the 
cylinder, bending forward at the same time; and from whose head 
two moveable levers descend to a line with the blocks of the im- 
pellers ; two other levers, which are jointed to the front of the car- 
riage, midway between the cylinder and the upright bar, on the 
contrary, ascend, a little way above the top of the cylinder, and are 
there connected to the descending levers by horizontal rods, which 
are jointed to them at their different extremities ; the lower ends 
of the descending levers are, in their turn, connected by similar 
horizontal rods to the impelling blocks, so that when the first, or 
ascending levers, are moved back, and forwards, this motion will 
be communicated te* the blocks by the otter levers, and the hori- 
zontal rods mentioned ; and these two ascending levers are made 
to have this motion by one of them being connected by a joint 
with the head of the piston-rod, from which chains pass round 
horizontal pulleys (that lay in mortices made in the piece of 
metal on which the antifriction roller of the piston-rod runs) on 
to the other ascending lever ; so that, when the piston-rod draws 
that one back, the other is drawn forward by the chain, and the 
contrary, when the other impels it forwards. These two pairs 
of levers, thus placed, permit the speed of the carriage, to be 
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increased or diminished, by shifting the horizontal rods that 
connect them to higher or lower positions on them, for which 
purpose SBTeral holes are bored through them, at regular inter- 
vals as under." 

In his first experiment he ascended Windmill-hill, near Kil- 
bum ; but being then of the prevailing opinion that the friction 
of the wheel was not sufficient to impel the carriage up acclivi- 
ties, he used the legs, or propellers. This application of levers 
was inconvenient and heai% and afler much thought and ex* 
periment, a combination of these levers and the wheels was 
resorted to. It was so arranged, that when the wheels should 
slip, the levers should come into action. A trip by steam, 
betwixt London and Edgware, was effected by this arrange- 
ment. The levers were subsequently entirely abandoned, the 
wheel being found not only to be sufficient for impelling the 
carriage, but also to allow considerable free traction. 

On the 15th September, 18d€, the Liverpool and Manchester 
rail-way was opened for public traffic, with eight of Messrs. 
Stevenson and Co.'s locomotive-enginds ; the Northumbrian led 
the procession on that occasion. Plate V, fig. 3 and 4, repre- 
sent this engine; A, the boiler; B, the situation of the fire; 
from whence a number of small tubes convey the heat through 
the water to the chimney C. D D, iiie cylinders of the engines ; 
E E, the valveV motion ; F, one of the pistoa rods. The boiler 
and flues are of copper instead of iron. A tube from the waste 
steam-pipe to the bottom of the furnace enables the engineer, by 
turning a cock, to pass the Superfluous steam through the fire 
in aid of the Combustion. The boilers of all of Mr. Stevenson's 
engines are not tubular, but have tubular flue^S ; that is to say '^ a 
series of straight tubes of equal diameters enclosed in one gene- 
ral casing, and immersed in Watef." This engine has 150 of 
these tubular flues, and weighs 6 tons 8 cwL 

On the 23d November, 1830, the distance betwixt Manchester 
and Liverpdol was travelled by one of Mr. Stevensonf's engines, 
the Planet, in sixty minutes * ! of which two minutes were taken 



^ For the sake of comparison I quote two advertisements ; the first was in 
1678^ and the other in 1765. 

Mr. William Hume, merchant, Edinburgh, contracted with the magis- 
trates of Glasgow, that he " should have in readiness a sufficient strong 
coach to run between Edinburgh and Glasgow, to be drawn by six able 
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lip in oiling and ekaitliii|if^ the machinery midwAp No train 
of carriages was attached to the fengln^ in this case, and only 
thtee ptY^anti wem upon the engine 4 

Plate IV) fig. 2i represents an bttf^ne built by Messrs. Braith- 
waite ^d Emcssanfor the same raiil-iioad; AA^ the Ix^iler. 
The cedfie or other ftiel was dropped through si d6uble door near 
th« top of the vertical part of the boiler. From top to bettoiti 
of this vertical part of the boiler* there is a vertical tube passing, 
which is sun*oufflded with water; At the lower part of the tube 
Is Hie fwmace^-^ftoffl the side passed the flue through which, in 
a serpentine descetit, the heated air psisses. The draft is got by 
mi^ans 6f a revohing fan at the uppe^ pttrt of the boiler. ^^ The 
extent 61 . siirfoce ex|iosed to the action of the heat by this 
arrsng^ent is a great deal less than in other engines; and 
were the beat left to circulate as in otiier engines through the 
agency of vrhdt is commonly called atmospheric draught merely, 
there would probably be nothing gained in respect of the quaiitity 
d( steam generated ;" but the patentees nsed a strong draugbti of 
air obtained by their hn, and urged the £re to a great degree. 
Both the engines of Messrs. Stevenson and Co. and Messrs. 
Bf oithwaite and E/iricss6n produced the draught by exhaustion 
by mek^hamoal dieani^; the latter by a fan, and the former by the 
rapid discharge ofajet of stsam up the chimney. 

This elegant engine, however, cofuld not do.tiie required work^ 
as I fiiid recorded in tbe Institution of Engineers, that on the 1 7th 
and Idih Felnmary, 1831, trial had: been made of these engines 
whwein they decidedly failed. The William the Fonrth occu- 
pied two houfs and a half betwiiLt Liverpool and Manohester. 
The Mats engine (Stevenson and Co.) e/veiirook it on the way, 
&iid pbihed itvinto Liverpool. The s^tttfe engine drew five 
loaded waggotts ' a^ distanee of' nine iiilesin otie hour-; it then 
MI' off in ifepeed, teid ultimately had to transfer ihe load to the 
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horses, to leave Glasgot^* ilk Monday ihoming, and return ilk Saturday 
nj|;ht, God wiling/' 

• *^ A new pQst^oach, hong on steel springs, with four horses and two 
postillions, sets out from the Grey)iound Inn, Market-place, Bath, and the 
George Inn, Drury-lane, London, every Monday, Wednesday, and Friday, at 
seven o'clock in the morning, and arrives at the above Inns on the following 
days at four in the evening. The coach stops aU night at Andover, going 
and comhig.'* 

E 2 
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Dart engine: it completed the journey at length, after being 
three and a half hours on the way. 

I also find recorded in the Institution of Eng^eers, that the 
Samson engine (Stevenson and Co.'s) on 25th February, 1831, 
.started from Liverpool with thijrty waggons, carrying 82 1 tons 
jof oats in twenty-three waggons ; 24| tons of merchandize, and 
1 ton weight of passengers (fifteen persons) in seven waggons=3 
,108^ tons. To which add 42| tons for the tares of the waggons, 
in all 151 tons. The engine was 8| tons weight; the tender 
with coke and water 5 tons. With this enormous load, 164| 
tons, the speed of the engine averaged twenty miles an ho;u: on 
the level ; but when the train came to the inclined plane the 
Samson only drew 62 tons, but with itself and tender .72| tons. 
.The inclination of thQ rails was 1 in 96. The two cylinders of 
this engine are fourteen inches diameter, and the stroke sixteen 
inches. The wheels are 4| feet diameter, and are all four 
attached together. Emotive pressure per square inch of the 
boiler thiily-five lbs.. By taking the average speed throughout, 
at thirteen miles an hour, the same work would have required 
.seventy good horses. 

. It is not yet publicly known that these locomotive engines, 
powerful and swift as they are, must either be worked at a 
cheaper rate or abandoned ; so at least I iam well informed, of 
which more will appear in the following chapter. 

In no part of the world has a good communication fix>m place 
to place been more sought, after than in the United States of 
America; yet there steam-carriages have not kept pace with 
steam boats. Many rail- ways are, however, in contemplation, 
and. a rail-road of unexampled extent is now in the course of 
fomation firom Baltimore, across the Alleghany mountains, to 
the Ohio. Plate IX. fig. 1, exhibits a perspective elevation of 
an American locomotive rail-way carriage, the recent improve- 
ment of Mr. Howard. Fig. 2, a back view; figs. 3 and 4, part of 
the wheels, to illustrate more clearly their mode of action. To use 
the description of the Mechanic's Magazine, No. 328, the same 
letters of reference refer to the same parts' in figures 1 and 2 ; 
and to make the peculiar improvements which Mr. Howard has 
here introduced the mote easily recognized, his Motion-wheels, 
and sojme of the minor details of steam apparatus, are omitted. 

^^ "f he first desideratum which Mr. Howard has made it his 
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stody to acccnnplish in this engine, ba» beeh -to render^ tbe^axle- 
trees capable of s^aptmg thentselves to the curre of the road, so 
that a perpendicular plane driiwn through the centre of the axle 
may be normal to the curve; ^ His arrangement for this' purpose 
we shall give in his own words:— ' : » 

<< < The usual beam, fastened by jaws to the asdes^' is divided 
in the centre, and a tooth and socket permits one end to play in 
the other. This contrivance, as shown in my improved rail-way 
carriiige, obliges the hind wheels to foUow in the track of the 
fore ones. . Besides this, there is a beam extending from one 
axle to the other, and traversing on the centre of eacU, rouiid a 
strong bolt. To this beam, the boiler, A,' with the cylinders', 
B B^ are attached. The boiler, indeed, may be made to answer 
the putpose of this beam, by placing it upon beds, H H, beneatli 
which the axles, G Gr, move horizontally around centre bolts. 
At each side of the boiler, and attached to the axles, and moving 
with them, are perpendicular supports or guides, D D, witH open- 
ings for the vertical motion of the ends of the shackle-bars, O 6; 
of the pisloi^rods ; each pair of supports, or guides, being con- 
nected at the top by an iron bar, in the centre of which is a bolt 
connecting it with an iron frame, E £, passing lengthwise from 
each extremity of the boiler to wliich it is fastened, and which 
keeps the supports, or; guides,: in their vertical position. This 
la^ bolt is directly over the bolt of the waggon>bed, as well as 
over the centre of the cylinders, so that when the axle moves 
horizontally: around the waggon-bed bolt, the supports, or'guides, 
moving with it^ make the bar connecting the' stipports, - ^nd 
which is always parallel with the. axle, re? ioive. round the bolt in 
the frame above the boiler and cylinders, which 'are stationary ; 
and the shackle-bar moving at the same time honzdntally, with 
its guides, airound .the head of the piston«rod, which * is con- 
structed to allow, of such motion,, the! horizontal niotion of the 
axle does n6t interfere with the working of the engine. To pre*- 
serve a unifomtiity' of motion, a balance-beam, F, supported from 
the boile^rbed, is connected with the, shiackle-bir.of each piston- 
rod, so' as to allow of its vertical motion, and, at the same tlme^ 
the horizcmtal motion occasioned by an alteration of the direc- 
tion of the wheels. In this I claim as original the prii^eiple of 
making the shackle-bar traverse round the head of ihe piston- 
rod, and the means by which this is accomplished.' 
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. *** Ti^:iKe&t poivit to itbiob Mr. Howard has directed bt$ attea-^ 
tion i» th0 npi^ajia of making the onter wheels go faster than the 
inp^r, which he ac<»)inpUahi$s in this way : — 

^' The axle revolves as usual in rail-way waggons, and the 
carriage -wheels revolve likewise upon the axle; but at the ex«- 
tr^Diiy of the axle there is a ratcbet*^heel, L, fiastened, to fiie rim 
ftf whieb the connecting-rod, C« from the shackle-bar, is fastened, 
instead of to the carriagerwheel, £, as is customary. From the 
rim of the carriagerwheel there is a catch and spring, E D, fig. 3^ 
striking the teeth of the ratchet* wheel, and uniting the two as 
one wheel, except when it becomes necessary that one barriage* 
wheel should, in describing a large circle, go faster than the 
iPther, or, in other words, fast^ tban the axle and ratchet-wheeL 
The carriagerwheel then moving faster than the ratchet-wheel 
.&Stened to the axle^ the spring and catch <m theiim slide over 
th^ teeth pf th^ ratched;iwheel, until a straight motion makes the 
£;atph hold the teeth again, or a reversed curve causes the oppo* 
j4te wheel to perform the same operation. So that the engine, 
notwithstanding the altered velocity of the wheels, still performs 
its tnotion with regularity ; no change ever taking place in the 
velocity of the ratchet- wheels." 

In fig. 3, A, is the carriage-wheel ; D, the catch ; E, the spring. 
In fig. 4, A, represents the axle ; B, the supports pr guides ; C, 
the shoulder for the carriage-wheel; D, the octagon for the 
ratchet-wheel. 

In October, 1827, Mr. Gumey obtained another patent for 
improvements in locomotive-engines, and in the apparatus con- 
nected therewith. Under this patent he worked with a steam- 
parriage resembling, in external appearance, the common stage- 
coach, the boiler being situated in the hind boot. In the fore 
boot a blower, like the revolving fans of a winnowing-machine^ 
moved round horizontally in a close box, fi?om which a tube con- 
veyed the blast to the close ash-pit of the fire-place. The engines 
acted upon the cranks on the hind axle. ^^ The hind wheels 
had sockets, or boxes, in their centres, like common wheels, so 
that eith^ of them might be made to run loose on the axle when 
required ^ and they were fastened to the axle so as to turn round 
with it, at other times, by means of a round plate fitted on a 
hexagonal part at each end of the axle ; and a similar plate being 
fastened to the nave of each wheel, close to the former, screw- 
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bolte passed tM&tween the . two plates, and, seenied wifli mite, 
gaye the deaifed ocmnexion, which could again be irithdrawn 
by. removing the bolts." 

The great advantage Mr* Gurney has over other inventors 
consists in his bcdler^ which it is now time to describe. There 
ore other imprDvements, but this is the difitinguisbing feature of 
his stema-earriages. Plate X, fig* 2, shows a seeAon of one of 
these boilers ; A, the point at whidi the water is pumped into 
tbe boiler; B, Ifae water-level in the separater« E« It will be 
observed, that A B CD. (figs. 1, 2, and 8,) are all fiiU of water. 
The fire is'made at F, and plays around and through the tubes 
D. The hotter particles of water occasion a continuous flow 
from A, through C, to D. When they arrive at D, their colder 
particles descend through B, and again are drawn through the 
tubes C. The tubes C, it will be seen by tjhw inclination, 
always offer an ascent for the hotter particles and for the steam. 
By this arrangement, the circulation is constant and complete. 
The steam is rapidly given off at E, where it is ready for the 
engine. This chamber, E, is sometimes placed vertically, in- 
stead of being placed horizontally. Sometimes there are two of 
these steam-chambers E, connected together, and to the engine, 
by what is termed a breeches^piece. G is the fire-door, H the 
flue. 

In all of his last coaches, the patentee has discontinued a blast 
for urging the fire, and has used the waste steam to occasion a 
draft. This is efiected by blowing tbe waste steam by several 
SQEiall jets upwards into the lower part of the chimney at J. The 
increase or decrease of draught is regulated by the size of the 
aperture through which it is ejected. A very perfect draught is 
thus obtained, and the fire can be enlivened or damped according 
to the required speed of the engine. With a boiler containing 
so snudl a quantity of water, and so large a proportion of heating 
surface, the facility of lessening or increasing the heat, and con- 
sequently the power of the steam, is very great. And this 
facility is highly important for economising fuel, and for the quick 
and certain management of the steam-carriage on hilly or crowded 
roads. 

In February, 1831, Mr. Gurney having completed three steam- 
carriages for Sir Charles Dance, that gentlemen commenced 
running one regularly on the road betwixt Gloucester and Chel- 
tenham, and continued so to do constantly and successfully for 

13 



66 

folir inoii As^ until ■ he (dis||ij^8ted with the opposition) witfadi^w 
his coaches. ' So stionglj did the opposition prel^s upon steam- 
carriages, that Mr. Gumey found it necessary to petition the 
House of Commons. Several bills had hastily been passed 
through Parliament, laying prohibitory tolls on steam-carriages^ 
in some cases amounting even to H. for each time the steamer 
should pass. Such bills'may have originated with agriculturists, 
who had not weighed the advantages ; or may have originated 
in a notion tiiat a ^^ steam-carriage was a steam -boat on wheels/^ 
or partly in the stable habits of some country gentlemen^ who love 
no change. Be that as it may, an investigation took place, whicli 
now csRises this science to shine forth with increased lustre. 

Mr. Goldswortby Giimey examined.^ (See Report of the Com- 
mittee, page 17.) 

*' Are you the proprietor of a steam-carriage used on public roads ?'' — 
" Not the proprietor ; I am the patentee/' 

** On what roads have you commenced running such carriages ?" — " I have 
commenced on several roads. The first road I commenced was Edgware, 
then Stanmore ; I ran there for a short time only, principally experiment- 
ally ; then to Bamet, to Edgware, to Finchley, and other places. I also ran 
a carriage on my own account to. Bath and back ; that was only one journey 
— an experimental journey. Since that, they have been running as public 
stages, principally between Gloucester and Cheltenham." 

" For what period ?" — " Since February last. They were stopped about 
three weeks, in consequence of an accident to one of theaxletrees; they were 
to begin again about this time." 

** Have you been yourself on these carriages while ihey have been run- 
ning }"-*-'' Yes ; in the first instance, I almost always accompanied the car- 
riage." 

**' State in detail the progress which you have made in bringing these car- 
riages to their present improved state?" — ** In the year 1825, it was a very 
prevalent opinion that the bite or friction of the power to the ground was 
not sufficient to propel the carriage along a common road, particularly up 
hill ; it was thought that the wheel would turn round, and the carriage not 
proceed. With that view, the apparatus which I call feet or propellers were 
proposed to be used. I soon found by experience, in numerous experiments, 
that the propellers were rarely or never wanted; and I then applied the 
power immediately to the two hind wheels, through a crank, in the common 
mode of a steam-boat, the propellers being also fixed, but travelling slower 
than the wheels, were brought into action if the wheels slipped, which it was 
thought would be the case in difficult situations. This carriage went up 
Highgate Hill, in 1826, and to Edgeware, also to Stanmore, and went up 
Stanmore Hill, and Brockley Hill, near Stanmore, and against all those hills 
the wheels never turned, and the legs never came into action. After these 
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expensaents, the legs or propdlen were eniirdy-Temorddy' a&d from farther 
experiment it wae fdtmd, by a pecuHar application of the Bteam> (namely, by 
* ^w-iredrawing/) that the bite of one of the hind wheels was sufficient for 
all common purposes. If the steam was let on suddenly, the wheel would 
turn round, and the carriage not go forward; but when wire-drawn, one 
"vtrlieel was found sufficient. By this arrangement, also, the carriage was 
glided more accurately and more easily. The second wheel was applied by 
tmiting it with the crank at any time> if one was found iifsufficientv''* 

'' In general, were the wheels connected together; or had they an inde- 
X>endent motion ?"-^** Always one was attached to the axle ; they had no 
independent motion ; on the arm or carrier of the wheel (which is a part of 
the axle), and can be attached to the wheel at pleasure by a bolt, miaking the 
wlie^ also in that case part of the axle ; this carriage, I should observe, ran 
to Bamet, and went up i^ the hills to Bamet, in 18279 with one wheel only 
attached to the axle, and was run for about eighteen mooiths experimentally 
in the neighbourhood of London ; from these experiments showing that one 
^vheel Mras sufficient to propel the carriage, and the carriage being at the 
same time reduced two-thirds in weight, it was thought desirable to draw 
another carriage^ instead of to carry on the same. This carriage went to 
Bath, and over all the hills between Cranford Bridge and Bath, and returned 
^th only one wheel attached to the axle ; the other carrior by means of 
attachment having broken in the first onset, and not having been repaired 
until afte^ its return; the carriage was also injured slightly at Mdlksham,* in 
consequence of a riot there ; we waited about two days at B9th to get this 
injury repaired, and returned from Melksham to Oanford Brieve in ten hours,'. 
a distance of eighty-four miles, inclul^ng stoppages.^' " 

** Have you made any alteration in the formation of the boilers since 
1825?"—" We have altered and changed in the mechanism only; the prin- 
ciple has been invariably adhered to ; the present carriage is deprived of its 
chimney and a variety of oidier disagreeables about the carriage.'' 

\* Has your principle with respect to all remained the same?"-—*' Precisely 
the same." 

'* How far have you improved the formation of your working carriage as 
to weight?" — *' The weight was a principal Objection to the practical zppH' 
cation of the carriage ; the first carriage of a given power weighed four tons ; 
this was objectionable on account of its weight, which was severdy felt in 
consequence of its effect on the roads.. I thought it would injure the roads, 
tvhich inj my would produce a toU that woidd perhaps injure the economy of 
it : one weighed four tons; another weighed three tons, with the same 
power ; another two tons, with the same power ; the present carriages build- 
ing will not weigh more than 35 cwt. With the same power." • 

*' What does the carriage which runs between Gloucester and Cheltenham 
weigh ?"-!-**By a letter from a magistrate, now produced, it is stated to weigh 
nearly three tons ; it ought to weigh only 45 cwt. ; if it weighs three tons^ 
there is extra weight of which I know nothing; this which I produce a 
sketch of weighs 35 cwt. and it has the same power. , Those carriages at 
Gloucester w^e built principally under the superintendence of another 
person." 
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'« WlwiyD«MaU the wmglit of 95 cwl. you mean tfa^ weight of Oie tiayel- 
ling-CBRiege doney without the woght of the paatengers, or the weight of 
&el or water ?"^^ Yee, just eo ; I think it is possible to reduce the weight 
eoneidehtbly as improvements go on ; I have a carriage now building which 
I do not expect will weigh above five cwt.> which I expect to do the work 
(tf about one horse, and cairy two or three peofde ; speed is a particular 
oliject^ and at is not mtSanded to carry any thing more than light parcels." 

** Into what stages wonld you divide your joumies most conveniently?"—* 
'* I think about aeven miles/' 

** What wei£^ of fuel and water would you lay in for such a stage?"—* 
*^ The fuel and water will be in proportion to the size and power of the 
carnage." 

** ¥€ft a machine weighing 35 owt. what weight of fuel and water would 
yon require ?"—**' Three bushete and a half of coke is the quantity we 
take to supply this distance^ and the first charge two bushels ; the first 
charge always remaining, it decreases of course down to the first charge^ 
and taking the mean it will be 3f . The weight of water at present I think 
IB about 10 gallons a mile which is consumed, that would be 70 gallons, 
a gallon weighing about 10 lbs. making 700 lbs., the mean of this will 
give the quantity. K the roads are good it does not take so much, we 
can do with almost half the quantity ; if the roads are bad we must take the 
whole quantity, and the mean wiU be 360 lb&^' 

" Will you stat^ the progressive alterations you have made in the diameter 
of your wheel, and the breadth of the tire ?" — *^ The diameter of the wheel 
has generally been the same, about five feet." 

** What difference is there betweoi the fore and hind wheels ?" — *' About 
the proportion of an ordinary carriage." 

** The power is attached to the hind wheels ?''—'' To the hind wheels 
only." 

" Do the wheels follow in the same track?" — ** That is a matter of 
option." 

'' The Committee understand that they do not in that which travels be* 
tween Cheltenham and Gloucester?" — '^ Perhaps that is the case there; it is 
a matter of convenience in some experiments ; I have built them with three 
wheels only, one wheel in front, and in some with six wheels, my present 
carriage has only four." 

** Do the hind wheels of your present carriage follow in the same track 
with the fore wheels?"—* ''Yes; those carriages now building will do so^ 
the hind wheels will be nearer to each other than in many others." 

** What diameter do you propose to make the propelliag wheels of your 
new carriages ?" — ** I propose to have them about five feet ; I would observe, 
that by taking a wheel of fiYt feet diameter off the axle, and putting on one 
of two feet six, the engine would be multiphed double in its power, and lose 
of course one half in speed; in some cases it may be desirable to do so if the 
carriages are used for general purposes ; for si>eed and dragging of heavy 
weights alternately, larger or smaller wheels may be put to meet circum- 
stances as they occur.". 

*' From the experiments you have made, with a view to proportion the 



60 

diaoMtar of the wlie^k vikh then^^iu to bo drawn mad the VfdocUy t^qxmi, 
what diametfir of prop^ling wi>«el do you think will be generally wed T'-^ 
'' Five feet ; the piston of the engine should not travel more than two miles 
and a half per hour j therefore we may multiply from this rate to any speed 
we please." 

^' What is the breadth pf the tire of your present wheeU "<*-'•*' Na»e less 
thfta two inches ; but in lat^ e^iperiments we loond «. wid^ tm more, desirable 
than a narrow one, and we have increased it to ab^ut thr9e inches end a half 
in width ; we found that there is no increase of ppwer necessmry with a wide 
whed^ but I think on the contrary rather less; we have not been able to 
decide positively the true variation in power, but the difference is so slight, 
thfiC it is not perceptible/' 

" What is the ordinary width of the tire of wheels of epadb^p V'.^*' I think 
about two inches ; in a j^vate carriage rather under two, and in stage* 
coaches over two inches/' 

** Of how many hors^-power is your ordinary travellmg engine V — 
"Twelve nominal steam-engine horse-power ^ to work eight hours it takes 
the conmipn stage-coach 32 horses ; an engine propelling the same we^ht 
for eight hours should be considered a 32 horssi^wer, according to the rule 
laid down by engineers, but this is not true as to locomotive engines," , 

'* Taking your latest improvement, to what number of draught horses 
would it be equivalent ?" — " I think about 10 cwt. will do the work of a 
horse on the road ; 35 cwt. will be about 3^ horses' work always." 

*' You me^n that it wiU displace about three horses and a h^lf at a time-on 
the road?" — *' Ves* in each stage it will displace 3i or 4 horses, and about 
30 hwses in the eight )ioiurs." 

" Is that in practice, or in idea ?"— " Practice." 
. . *' Is the chi^ weight supported on springs ?" — "The whole is on springs.'* 

*' What is the weight of an ordinary stage-coach ?"'-*" Abont 24 cwt. j I 
think from 18 to 24." 

"How many persons will that take ?"•— " I think about IS," 

" What would be the we^ht of your engine carriage sufficiently powerful 
to draw a carriege containing 18 persons ?"-^'' The weight of the pdr^elling 
carriage woiild be about the weigl^ of four horses f the weight of the carriage 
drawn would be preciseHy that of ^ carriage drawn by horses, and I find the 
weight of a horse to average about 10 cwt. ; therefore, taking four horses at 
10 cwt., the four horses wopld be two tons, which is somewhere about the 
weight of my carriage i to do the same work, some horses we^h as much 
as 10 cwt. some opnsiden^ly less than 10 cwt." 

" Have you fp^mined the effect on the roads of the propelling wheels of 
your carriage ?" — " As far as I am enabled to judge, I should say that they 
did no nEK)re injury than any other carriage of the same weight ; I mean the 
carriage itself, weight for weight. I have te^ken the loss of iron from the 
tires of the wheels, and compared it with that of the loss from other car- 
riages running the same number of miles, and I found the loss the same 
nearly." 

** Do you find that the wheel never slidea in the turn ?"*^'' If it does, it is 
either imperfect or the fault of the engineer; if the steam is wire-drawn 



60 

(ttmag tke.teclmical tmn) it neyer does so; if the steam is hid on saddenl/ 
on the engines, it acts like a percussion, and aflfeets ^e wheek as if struck 
with a hammer ; the carriage, of course, would not he propeEed in such 
case." . 

" Practically, as far as you have seen in the operations of these carriages, 
does the wheel slide in that way frequently V*—'* It may sometimes at start- 
ing for an instant, but never on the road imless it is over-weighted ; I mean, 
if it has an over-weight attached to it." 

'* Is there much smoke created by your carriages ?" — *' There is no smoke 
unless any smOky matter gtets accidentally into the fire, the fuel being coke ; 
of course there will be smoke if there are coals." 

"Are you frequently obliged to let off steam ?" — " Yes, but not openly ; 
the steun is allowed to escape from the safety-valve into a chamber peculiarly 
constructed, which prevents any nuisance from it." 

''There is no annoyance either from smoke or steam?" — ''There is no 
annoyance either from smoke or steam wheii the engine is perfect." 

" Have you found that horses are more liable to be frightened by passing 
your carriages, than passing other carriages ?" — " As far as my own observa- 
tion goes, I should say about the same ; I have travelled with a carriage, I 
think, five years, more or less, every week ; I have been very frequently in 
the public streets of London with the steam-carriage, and the roads round 
London, and also in the private and public roads in the country ; I have cer- 
tainly seen horses shy often, but never saw a horse make a dead stand." 

" Is there a very peculiar noise attending the motion of your engine car- 
riage ?" — " The noise of wire-drawing, &c. is at the will of the engineer ; if 
the carriage should majce a noise, he has the means of stopping the noise ; 
but there ought not to be any disagreeable noise," 

*' Must not the noise proceed from the imperfection of the worits ?" — 
" Yes, and that only." 

" Do you attribute the startling of horses to the peculiar noise of the 
engine, or to its unusual appearance }***—** I think it must be from its unusiial 
appearance. It appears fh>m an observation on the carriages at Cheltenham, 
made in this Committee, to have been more troublesome than anywhere dse ; 
those carriages were made with curtains, to inclose persons who might ride 
in them, and the carriage altogether rather more tnitrh in its appearance, from 
the flapping of those curtains, or some circumstance of that kind, the horses 
have been startled, or accidents have occurred there." 

" Are you aware that there is an imperfection in the carriage at Chelten- 
ham, which is stated to occasion noise ?" — " I have not seen much of these 
carriages ; I was never at Cheltenham but twice or thrice, and then but iof a 
short time." 

" What have you found to be the effect of the wheels on a very rough road, 
full of rute V* — " If you start the carriage from a rut it takes more power ; 
but when the carriage is in motion, the momentum takes it over all the 
inequalities with the usual force." 

" Do you find that when the propelling wheel gete into a rut the first 
power it exerts Is in sliding?" — "Frequently; and sometimes it will be 
necessary to attach the two wheels, for one wheel will not be suflkient to get 
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it out of tbat 6&&cvky ; the engineer^ in such case, attackm a second wheel 
by the bolt, and I have never known a situation yet^ in which a canriage with 
both wheels attached will not get out. I have seen it in a day-pit, eight 
indxes deep, propd itself through, having sunk through the upper surface of 
gravel in a yard/' 

" When you attach the second wheel, is the increased power owing ito the 
mmre ^vouhibie situation of the cranks?" — ''The power of the engine 
imnains the~same, but the application of it is doidded by friction." 

" Suj^KMe that both wheels w6re in the rut 2" — " I have seen both wheels 
in a rut ; in the case I have just spoken of they were both in the rut ; in a 
different state of weather, the .effect, hold, or bits- on the wheelais vdy: dif- 
ferent : if the state of the road is between half-wet and half-dry, it is more 
apt to slide; and in some instahees, with a heavy weight attached, we are 
obliged to go with both wheels locked, when the same weight would have 
been taken by one wheel only, in i'iery wet :or dry weather.'' 

*' Is it only in starting that that difficulty occurs V* — l^'iOnly in stui&ng on 
a. level or slight incline; but up hills we have sometimes been. obliged to 
attach both wheels, the bite only from the one wheel being hot Sufficient to 
propelaloadbehind.it.".. . . ::>':. 

** What is the operation of the propelling wheel when it meets with the 
obstruction of a laj^e stone on the road ?" — " If the difficulty is so great that 
the carriage cannot advance, it slips on the stone ; but I have blocked up the 
wheds of the carriage with square pieces of wood four inches in diameter, 
and started it when' so blocked up."' 

' "In proportion to the mt of such obstruction, there is liability in the 
crank to break?"*-'' Certainly; but the cause which occa^bns a ci^nk to 
break is one which cannot be explained on common principles ; it frequently 
faappens,'as in steanuboats ; and very often in this carriage, when the poWer 
applied to it is not equal to its being broken, the accident occurs, and must 
be referred to a jar or percussion ; the aides are unusually large in con- 
sequence." 

"What is the throw of the crank ?"— " Half the diameter of the stroke of 
the engine ; eight inches and a half to nine inches." 

' ." With a wheel of ^ve^ feet diametet, what is the throw of your, crank ?"— 
" Aboiit nine inches." - 

V ' " What is the length of the. stroke of your cylinder ?" — " I think, sixteen to 
eighteen inches; the crank is half that. I may state here, that I have had 
aeeidmts of breaking the crank two or three times during my experiments ; 
the iast crank was bxokehin consequence of going through some rough stones 
laid unusually thick ; I understand as much as eighteen indies deep." 
- " What dd you anfidpate will be the most frequtot accident which will 
happen to your drawing-machines ?" — " I should say the derangement of the 
pumpi b most likely to occur, in consequence of which the carriage would 
merdy stop." 

" During the experiments you have been making, have' you frequently had 
your tubes burst ?"-—" Very often," 

" Do you conceive you have remedied the probability of such occurrence?" 
— " Yes: the first tubes we used were icon gas-tubes, which. wiere iiot 
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iifMfd, but simpis^ * hutted? togvtfanr ; ^i» eonsequeiM was, tliot w^^M¥6r 

uiy grest yrmmsr6 came upon tlMm tbe acain openMl ; bul from pnuftice 

attd ezperiedooj we found it ntettsaiy to wiap over,, or dvar-lap the e4ge0, 

and wtald them frttn end t4 end; and now wa am not nifagect to those 

accidents." 

' *^ WlMLt is the diameter of the tnbea of your boikr?"-^< We make them 

frmn hall an inch to two inches ; the best siae, I think, is an inch diameter." 

*' To what pneasaie, per square ineh/ do yen prove tliem?''-^' To about 
SDOlbs.; IthmktiieywoiddtearaoOOlbs.^' 

r '* What ia the greatest piesstute they woidd bear V'^^** It is impossible to 
say ; I have never been aUeio burst one wben w^ made, wfacn kpped and 
valded;'^ . 

' «« What ia the avenge preasmre on the boilo', per squsfe inadh, in your 
erdhhairy rate of trav^ing l''-^" About fH lbs.'' 

'* And yon have tiied the tnbea to 800^"—^*' Yes; we sometimes may work 
^» to lOOlbs* and 1-20 lbs.; bnt tbst is a case of great emergency.^ 
< /' Whatis th^ greatest proMde pressore it will be eoEtMMed to2^'-^'< Never 
more than 130 lbs. $ the safety-valve bhvwa at 70lb8l to the inch ; it is gene^ 
rally on the lift on a level hard road. I do not think that tbe pressure ia 
more than 20 lbs. to an mch on the piston.'' 

** la it likeiir that persons would onHnariiy wock With the safety-valva on 
the lift P'-^<' Yes ; or nearly so, sometimes.'' 

<< Is there not a waate of fuel when yon wcnrk on the lift?" — ** It wffl be 
in proportion to the escape of steam from' the Alefty-Vbhre.- The presadie ott 
the boiler is 70lb».; on tiie engine frequently it doetf nefe exceed aolba. to an 
ii|ch» and when I was asked the pressure I ;w<MrlE0d 1^, I supposed tbe qoea* 
turn referred to the priessure on the piston coUeotivdy." 

'* What is the thickness of year tabes ?"*^':Theilwkiies8 of the uron ia 
about the eighth of an inch.'' 

. . <^ What IS the thickness ^of your working cylinder ?"-»'^ It is about three* 
quarters of an inch ; it has also ribs round it." 

** Of what metal is your working cylinder form^^"'^'' Cast-iron; we have 
worked gun-metal, but caat^nm appears to be beet." 

'' Have you found that theze ia great facilijiy in guiding those carriagea?" 
— ** I have always found the most perfect command in' guiding th^«" 

" Supposing Jim wtte going at your ocdinary rate of eigbtmilea an hour, 
covfld yoia step immediately, or would the carHagef ran idr s^ny distance}"-^ 
</ In ease of emeigenc^j we migfat instantly ihsow the steam on the wHm& 
side of the piaton, and stop within a few yards-. The atop of -the caniage ia 
singular; it would be a sqpposed that the momostum would carry it farlsrwardy 
but it is not so ; the steam brings it up gradually and aafely, though mther 
aiiddenly.'' 

" Supposing yon were gx»ng at the rate of e^t miles an hoiar, can 3ro«a83r 
at what number of yards it would be possible to stop V* — *' I wotQd say within 
iix or seven yards.'' 

" How would you manage on a declivity V — " On a d^divi^ we are wdi 
fttored with appafatua; we have three (fijSersnt mod^ of dragging the carriage." 

^ Yoa have stated thai' you Saund no diffieulty in guiding the drawing* 






carriage, n&t any difficulty in goidhig the csrriaige wfaidi is drtwii V*-^** Not 
the least ; it is peculiarly eonnectedi so that the fore wheds oC ibe carriage 
drawn follow the tracks of the hind wheels of the stsam-canriage dntwing, 
although making a cirdle of fifteen feet in diameter, which is a singular pro- 
;perty." 

*' In what circle do you think you could tfeirttt hOfth carriage* P**—" In a 
eirde ef tent feet, ihe inner diametef.^ 

'' Supposing you were going at the rate Of eight miles am h^nur, in what 
inner circle do ydu suppose you cotdd tura?"--^^' 1 -should be very tfcvty to 
attempt to turn within a small circle ; i think I might safy ptobably it might 
safely be done in one of one hundred feet diaoAeCer.'' 

*' In the further progress of the imf^nrrement ef this description of carriages- 
do you suppose that greater weight #ill be» drawn,- by ad^ng to the number 
of carriages, or by increasing the si^e- bi the one esnriiage dxmwnf*'"^^* Thi^ 
earriege dmwn with its load should ne^er ei^eeed three tons, and <the cnrriiige 
16 draw it should never exceed the weight I have previous stated^ alMHit 
two tons, or 50 cwt.; it is possible to draw more than^ne carriage on 
good roads, but I do not think it would be a circumstance of common occur- 
rence." 

'' What have the chief inconveniences been that you have met with on 
yVMir journeys i*'-^*' The principal inconveniences we have met with have 
been minor derangements of some parts of the maebitiery, such as the valves 
of the pump being deranged, or tanks leaking, or something of tiiat kind. I 
tever met with any serious accident, except perhaps the first accident, in going 
up Higbgate Hilly w^tieh was &ye years a^o ; the carriage was not then com- 
plete id f efevenee to dragging. I went up the hiQ contrary to the expecta- 
tions of evevy body present, and the wofkmen were so -defighCed at it that 
they neglected to lock the wheel. The cc^iage was started down the hiQ 
without uiy drag toit$ it became difficultly manageable, and ran against a 
stone, and was upset. This is the only accident i have ever experienced my* 
self) i believe Sir Charles Dance once upset lite ca^age in a first essay; 
tiiose are the only accidents of the kind I am aware of." 

*^ It has been stated that one of your engines-has blown up at Cheltenham ; 
is that the case V* — ** I am not aware of that ; I rather believe that the lift- 
ing of the safety-valve when the carriage stops, is considered to be a burst- 
mgf which I think must be so in thiis statement. I c^w the carriages the day 
after the accident of the crank breakings where it is stated to have burst, and 
certainly the carriage had not blown up then $ nothing ;more than the safety- 
valve had lifted : I came to Cheltenham the day after the accident occurred.'' 

" What Was the nature of the accident which occurred ?" — *' The break- 
ing of one of the cranks, occasioned by the^extra d!iti6u]ty the carriage was 
^laeed in. New stbnes were laid in a hdioW of th^ read, I am Ifold about 
eighteen inchto deef> ; the carristge had gooo^ through it twice with twenty- 
passengers; the third time it fractured the axle, from the extra force neces- 
sary to get it through ; the road was in an unusual state. I saw the passen- 
gers of a four-horse coach get down in the stones. I was told at the time, 
by people of great respectability, that all the two-horse coaches invariably 
put down their passengers ; that the mail was stopped ; that there were ttra 
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wa^oas and two coaches in the atones stopped at the same time, and that 
they were obliged to exchange their horses to get through." 
. *' Has any other accident occurred to that carriage, except that you have 
now stated." — ** Nothing that I am aware of material." 

** Have the wheels of your carriages frequently caught fire?" — ** Never ; I 
saw. the three carriages the day after the accident; neither one had taken 
^le, I am sorry such an idea should for a moment exist ; I think it has been 
ocGSsioded by misconceptiot), or {Hnejudiced mis-statements." 
' '' Is the constniiition of your boiler and of your fire-plaoe such, that it is 
impossible foi* the carriage to catch fire ?" — " I believe it to be impossible." 

** You have stated that you require to charge your engine once in seven 
miles ?"--^<< Y»i, to charge the tank with water, and to take fresh fud.". • - 

'^ Do. you anticipate, in the course of your experience, that you would be 
abU to4»vereome that inconvenience of being obliged to charge so frequently ?." 
— <' We can now go double the distance; but we should have a weight of 
wateir, and a weight of fuel, a greater expense to carry than if we take in one 
diarge at seveiMnile stages." 

Again, Report, page 24. 

" Your steam-carriage, according to the last improvement, weighs 35 cwt. 
without the weight of persons to direct it P" — " Yes, and without the weight 
of the fuel," 

. " Do you not consider that the steam-carriages would be apfdicable not 
only to the moving carriages at a rapid rate, but also to nlOving certain 
weights at a slower pace ?"^->'< I think it is possible, but it would be very 
expensive, because I find that when you get below a. rate of four miles an 
hour, the expense in fuel is greater, than the expense in horses; if the rate 
exceeds four miles an hour, then it is cheaper, and it becomes cheaper geome- 
trically over horses as you get up." 

. " What is the greatest weight which you conceive your steam-carriages 
could draw after them on a level road, at the rate of four miles an hour, the 
carnage weighing two tons V — ** Every 10 cwt in the engine would draw as 
much as four horses." 

' The frontispiece to this work is the last constructed of Mr. 
Gurney's carriages. A, the position of the boiler above de- 
scribed, (see Plate X.) B, the steam-pipe, which passes under 
the body from the boiler, till it comes to the fixed point N, smd 
^m thence down to the valve boxes, C, of the cylinders, D D. 
N N is a fixed point, on which the body rises and falls as on a 
hinge, when the spring above the hind axle has play. If the 
steam-pipes were not brought close to this point, they could not 
be kept tight ; otherwise the play of the springs would disturb 
tbem, and occasion leakage. E, the wheel of the parallel n^otion. 
The wheel E runs horizontally betwixt the parallel barss, G. 
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Through this wheel there is a spindle or axle, upon the ends of 
which a forked or double connecting rod, F, is attached ; so that 
in the revolution of the crank K, the parallel bars are in the 
inside of the double connecting rods F. The two engines, which 
are shown in the '^ plan,'* exhibit this more distinctly as they 
are at different parts of the stroke, for the purpose of getting over 
the centres. At H the water-pump is placed, (each engine having 
a separate one), and each pump is worked by a connection with 
the piston*rod of its corresponding engine. The valve motion is 
obtained from eccentrics on the crank-shafts outside of the 
cranks. The valve-rods are distinguishable by being represented 
with strong black lines. At the extreme ends of the crank- 
shaft, (i. e. the hind-axle of the drag), and betwixt the spring and 
the wheel on each side, are seen P P, (black in the Flan and 
white in the Section). This is a contrivance for conveying the 
power from the crank-shaft to the circumference of the hind- 
wheel, in order that a light wheel may be used. It vdll be seen 
that the driving-arm in the " Section," being pressed up by the 
engine against the bolt which is shown above it, must force the 
wheel in that direction, and thus propel the carriage by the 
wheel's friction on the road. One or both of the hind-wheels 
are thus used, as occasion may require. If the bolt be with- 
drawn, of coarse the driving-arm P will revolve without pro- 
pelling the wheel ; and thus one or both wheels may be used to 
propel the carriage. It is found in practice, that one wheel is 
sufficient to propel the carriage even up hill; and the provision 
of the driving-arms is more a matter of expediency than neces- 
sity. J, upon the " front view,** " section," and " plan," will 
explain how the carriage is turned. M is the wheel fastened on 
the top of J, which the conductor turns in the same direction he 
wishes the carriage to turn. The pinion on the lower end of J 
works in a rack, which is made fast to the front axletree. And 
it will be seen, that if the conductor, who sits on the box, turns 
the wheel (on which his hand rests) to the rights the pinion will 
haul the rack round to the right; and thus the front wheels will 
be as effectually turned to the right as if they were turned by 
horses: indeed with more certainty. On the foot-board is 
placed a lever L, which, when pulled up by the conductor, re- 
verses the motion of the engines, and so stops the carriage or 
propels it backward if necessary. The shape of the body of this 
steamer is what coachmakers call a ^' brisca." It is entirely 
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used as a drag for other carriages : a private carriage will be 
seen behind it. No passengers are allowed to be in this drag : 
the coach-box being occapied by the conductor, and the inte- 
rior by the boiler at A, and by the engineer with fuel and water 
at R. Upon the highest point of the dteam-pipe B B, there will 
be seen a handle, which can be turned by eidier the conductor 
or the engineer for the greater or less supply of steam. Mr. 
Gumey has placed the chimney in the back of the body, and it 
is so constructed that it cannot be seen by horses on the road* 
The water for the boiler is poured in to the tanks through a 
fonnel which resembles a ^^ dickey '' on the hind boot 

To start the carriage : raise the steam in the boiler, A, by a 
good fire. When it is of sufficient force, the conductpr, who sits 
on the coach-box, opens the steam-cock by the handle at his 
side, and the steam finds its way along B B, to the cylinders DD. 

Let us turn again to Mr. Gumey's evidence, (Report, p. 27.) 
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Having ascertained that it will evaporate nine gallons of water in an 
hour« you come pretty nearly to the expenditure of one-horse power?*' — " It 
does not follow in all cases, that one-horse power will be practically produced 
from nine gallons; and on the other hand I may state, that I have seen a 
horse power produce it from £ve and six gallons.'* 

'* At what pressure V^ — "It does not signify much at what pressure." 

" You say that the evaporation of nine gallons of water is equal to one- 
horse power ; does it not ma^e a difference according to the pressure ?" — 
** This is a point unsettled at present by engineers ; some advocate high, 
others low pressure." 

" You have stated, that if you wished to increase the power of your 
engine, you would increase the weight of it, and decrease the size of the 
wheels ?" — " It might be done either way ; the union of the two is not ne- 
cessary as far as regards the intensity of power ; the quantity of power must 
be produced by an increase of weight, or by some increased or rapid forma- 
tion of steam." 

" What is the weight of a loaded waggon, with horses ?" — ^* At this 
moment I am not prepared to give an accurate answer, but I should think 
six tons." 

*' Does that include the weight of the horses ?" — " No." 

*' What should you judge to be the weight of the horse usually attached ?" 
— ** From fourteen to sixteen cwt. each horse," 

** Would not you, by increasing the size of the cylinder, increase your 
power ?" — ** Yes, in direct proportion with the increase of the area." 

" What objection do you see to increasing the size of your cylinder, and 
applying it to a large waggon, so as to use steam-carriages for the mere car- 
riage of goods ?" — " I think the difficulty and objection lies in the manage- 
ment practically ; it would be difficult in our present stage of knowledge and 
experience to manage a large cylinder very rapidly on the road ; but I see no 
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otber obstacle to great speed ; there is no theoretical difficulty. I would ^ish 
to state, in connection with my former evidence with respect to fuel for 
working slowly heavy carriages, that ihy opinion was founded on some 
peculiar laws of momentum lately observed: it is well known that one engine^ 
when worked at a given rate, works expansively i that an engine working at 
a quicker rate, if a piston only travels half a mile an hxmr, or fifty feet a 
minute, it will require more fuel for it to do a given work, than if working 
at two hundred feet a minute." 

" Is not the momentum gained by greater velocity an accumulation of 
power ?'»-*** I think the advantage gained by certain rapidity of action arises 
from the inequalities of the road being overbalanced by the momentum of 
the carriage ; when the carriage travels slowly, every inequality, every stone 
or slight obstacle partly destroys the momentum, but at a certain speed it 
overcomes them ; there is no actual gain of power by idomentum ; it is only 
an aceumtdation very much like that in a common fly-wheel ; and in a 
carris^e on a common road it acts on inequalities as a fly-wheel does, in 
overcoming unequal obstacles in machinery." 

" You use coke only ?" — " We occasionally may use charcoal, but very 
seldom." 

''What is the proportion in price and what in value between coal and 
coke ?" — '' I think one bushel of coals is equal in raising steam to two 
bushels of coke." 

'* What is the difference of price on the average ?" — ** The difference of 
price is, I thinks about two-thirds." 

" Then there would be a loss as compared together in using coke ?" — 
*' Coals would be much cheaper than coke, but that loss in the expense of 
fuel we are disposed to su£^ rather than produce a nuisance on the road by 
smoke." 

** Do you conceive that there can be no mode of escaping that by any 
8moke*consuming apparatus ?" — ** I know of no mode that is likely to 
succeed, nor do I conceive that it is possible to make such a combustion of 
coals that is likely to consume all the sublimated or volatilized matter ; the 
consuming of smoke or the combustion of smoke is prevented principally by 
the particles being mechanically mixed with or surrounded by carbonic acid 
gas. I believe it not to be chemically combined." 

** Would not the motion of the carriage and the current of air that is pro- 
duced by going quickly through the air give great facility in the application 
of a smoke-consuming apparatus ?" — " If the consumption of smoke de- 
pended on the presence of oxygen gas or atmospheric air which contains it, 
I think it would ; but on my previous reasoning, I do not think the con* 
sumption of smoke would be effected by any quantity of atmospheric air. I 
have made several very extensive experiments on this subject, and the only 
experiment that I have succeeded in was by passing it through sand mixed 
with quick lime, by which the carbonic acid was absorbed, and the smoke, as 
it passed through the mixture, rendered combustible ; the carbonic acid was 
removed to a considerable extent, and left the carbonic oxyde and hydrogen 
gas in such a free state as to be combustible." 

" Of what materials are your propelling-wheels ?" — *' The same as a 
common stage-coach wheel." 
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" Are the wheels of the carriage draMm nearly of equal diameter with the 
wheels of your drawing carriage ?" — " Rather less ; the diameter of the 
wheels of the drawing carriage is about five feet, and the ordinary diameter 
of a stage-coach that is drawn is about four feet six." 

'' From the experiments you have made, supposing the drawing carriage 
and the carriage drawn were of equal weights, what do you think would be 
the different proportion of weight on the wheels ?" — ** None." 

" Do you speak that with any certainty ?" — " Yes, I do. I have taken 
the loss of iron upon coaches after knowing the number of miles they had 
travelkd over, and the loss of iron on the steam-carriage, and the number of 
miles it had travelled over, and find that the loss in both cases bore the same 
proportion.". 

" Is coke alone used on the rail-ways in the locomotive-engines ?*' — '' On 
the Manchester and Liverpool rail-road, I believe there is a clause in their 
Act to prevent any nuisance being made by smoke, and coke is therefore 
use^ ; but in the ordinary rail-roads in Wales and other places coal is used." 

** In what part of your engine is your safety-valve situated?" — "It is 
situated at the option of the engineer ; frequently in the steam-pipe leading 
from the boiler to the carriage; most generally so that the steam as it 
passes through that pipe may lift the safety-valve, or it may go to the engine, 
as the state of pressure shall determine." 

" Do you make use of one or two safety-valves ?" — " Only one. I 
occasionally use two, but we now use only one." 

*' If your carriages were brought into general use, would you suggest that 
two. safety-valves should be required, one out of the reach of the engineer 
to prevent accidents occurring from racing, or other causes which could 
induce the guide to increase the pressure of steam ?" — " I should recom- 
mend one being locked, and an inspector being appointed to examine it 
every journey. Perhaps I may be allowed to make an observation or two 
with respect to the bursting of boilers, which subject, I believe, is now 
under consideration. From experiments which I have made in connection 
with this subject, I am led to believe that the bursting of boilers is not 
always occasioned by pressure of steam. I have discovered that at a certain 
degree of temperature, and under certain circumstances, when water is 
decomposed, the hydrogen is often formed into a new state of combina- 
tion with oxygen and nitrogen gas, which compound is exceedingly explo- 
sive ; so much so, that I believe scarcely any provision that we can make in 
the shape of a safety-valve would protect the vessel. This was a subject 
which I was led to some time ago, from some observations which I had 
made on the combinations of oxygen and hydrogen only. I had some con- 
versation with Gay Lussac on this sulject, and he was of the same opinion 
with myself, particularly that there were different chemical compounds of 
hydrogen and oxygen gasses which at present were not acknowledged. The 
only one acknowledged in this country is that forming water. A compound 
of two proportions in volume of oxygen and two of hydrogen has been 
chemically combined in Paris, although I believe we never have succeeded 
publicly in this country. This compound was highly explosive when 
brought in contact with certain substances." 
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It would be by expansion ?" — *' By chemical contact ; if brought into 
contact with certain substances, it would be so affected as to produce explo- 
sion. I have reason to believe from some original experiments, that there is 
a compound of these elements produced under certain circumstances in 
steam-boilers. The want of water in a boiler is favourable, in which case 
the temperature is raised and the compound formed ; the bmrsting of boilers 
I believe frequently takes place from this compound coming in contact with 
substances that will decompose it ; and perhaps I might mention this fact, 
as it is a very interesting one, namely, that boilers often burst when the 
valves are known to blow at a pressure very considerably lower than the 
boiler has been proved to/^ 

<< Does not that tpke place also when the water is in the boiler ?" — *' If 
the water is low in the boiler it will take place ; if it is high, never .'^ 

" Has it not frequently happened that boilers that were calculated for a 
higher pressure have even burst at a lower pressure than they were intended 
for, when water is in them ?" — " When water is high in them, never ; but 
when it is so low in them as to form this chemical compound, it does. I 
would state a fact, which was mentioned to me by my friend Sir Anthony 
Carlisle, which throws considerable light] upon the subject, and first led me 
to my suspicions and experiments respecting it. The case was, that a boiler 
at Mr. Meux's brewery, with an open top — a common caldron — ^burstwith a 
violent explosion. I believe one man was killed, and two very severely 
scalded. There was no cover at all on the vessel. This phenomenon, upon 
inquiry, appeared to be occasioned by gelatinous matter, forming a crust, a 
film, or blister, and prevented the contact of water with the bottom of the 
boiler; the bottom of the boiler, consequently, got hot; the compound I 
alluded to was formed, or the rupture of this film, and the sudden contact of 
water against the hot surface below, produced such an immense and sudden 
volume of steam that it burst the boiler. I would explain it by saying it was 
analogous to the hursting of a gun, in which case an ounce or two of shot is 
placed only against the charge ; whenever there is a sudden formation of 
elastic matter, and there be ever so small a weight opposed, the shock will 
be very great, and a gun wiU frequently burst, though there is not an ounce 
of diot in it, and which charge may be considered in the light of a safety- 
valve in this case.'^ 

" What precautions have you taken in yom: boilers, that there may be no 
probability of their being without water ?'* — " This compound never forms 
without a certain raised temperature. Before this temperature, necessary 
for decomposition, takes place, it melts a fuseable compound alloy of metal, 
placed so as to allow of its escape ; the matter formed escapes, and all danger 
is prevented." 

'* Have you any precaution to prevent the water escaping out of your 
narrow tubes, by bubbles of steam?" — "Yes; that I would explain by 
reference to the drawing, which will show that the bubble of water, as it 
escapes from a tube in connection with a part of the boiler, is supplied 
simiiltaneously from the lower part of the tube, and a stream of water is thus 
made constantly to pass through." 

« Would not that stream of water act as a safety-valve ?" — " When there 
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ii water it is snfiiciant^ but wben water gets down in vxy boiler^ tbere is no 
safety- valre that will protect it, and hence arise the inexplicable accidents 
that have occurred frequently in steam-boats ; the size of the boiler is the 
only protection without the safety alloy." 

'' Have you any gauge, or means of ascertaining wh^ there is a deficiency 
of water in the boiler?'' — " Yes; the melting of the safety'^ug» I would 
state, only takes place in cases of great n«gUgence« or in cases oi extremity. 
The gauge by which we ascertam the qui^otity of water in the boiler is the 
common glass gauge» well known to those acquainted with the subject." 

^ Have you any gauge to examine the intensity of the steam V*-^'' Yes« 
we have a piston which is forced out in proportion to the pressure ; in addi- 
tion to the glass gauges there are also stop-cocks, so as to ascertain, by turn- 
ing them, the actual height of water. I beg to state, that the safety-plug 
has never, but four or five times, given way in all my experiments, and that 
has been in eases where we have been accidentally out of water in our 
tanks ; no personal mischief can arise from such an accident. I am satisfied, 
without this plug an explosion would have taken place in some of the tubes. 
In large boilers, under those circumstances, inevitable destruction would have 
attended it." 

*' Are you aware of the size of the cylinders and stroke q£ the engines on 
the Manchester and Liverpool rail-road V — " I believe them to be ten inches 
diameter, and about fourteen inches stroke. In some of the later engines I 
believe they have been made of fourteen inches diameter, the stroke being 
the same I but I rather think that that size has been giv^ up, and that they 
have returned again to the ten inches diameter." 

** What is the greatest weight, in proportion to its own weight, which any 
carriage draws on a rail-road ?'- — *' A carriage was originally supposed to 
draw only three times its own weight on a rail-road s but in some experi- 
ments which I made in Wales with Mr. Grawahay, of Cyfaithfa Castle >, w& 

1 1 have endeavoured to obtain the particulars of this work, but have not 
been able to procure them, though this amount of work is not*uncommon 
within the last two or three months. In the Cambrian newspaper will be 
found an account of the first experiments at Cyfaithfa, in March, 1830 ; it is 

as follows : 

'' To the Editor of the Cambrian, 

** Sia, — ^As I have reason to expect that a report will be sent you of the 
arrival of Mr. Gumey's steam-carriage at my father's works at Hirwain, and 
of the experiments made of its powers on a rail-road there, I think it better 
to inform the public (now so much interested in the subject of steam con- 
veyance) through your medium, of the actual facts that have been witnessed 
in the experiments made, and under what circumstances. 

** Mr. Gumey, at my most earnest request, while I was in London three 
weeks since, consented to bring one of his steam-carriages, which had been 
built and adapted for drawing coaches on turnpike-roads, to try her powers 
on oiur new rail-road on Hirwain Common. I had considerable difiiculty in 
persuading Mr. Gumey to accede to my wishes, principally on the score that 
he had pledged his exertion and attention to the exclusive point of turnpike* 
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foand, in loi eiperimeiit^ thst a carriage draws thirty times its own w6iglit. 
He has the minutes which we made upon the occasion ; but I believe, in 
practice, they scarcely exceed five times, ot from five to ten." 

road steam-conveyance, and had declined similar invitations to the one I 
so much pressed ; and upon the ground that his carriage being built solely 
for the turnpike-road, would not be as well adapted for rail-roads as though 
made and calculated intentionally for them. 

'* The engine was brought from London to Cyfaithfa by a pair of horses, 
on the wheels used in its usual occupation of steam travelling in the neigh- 
bourhood of London, and was here fitted with cast-iron wheels, and otherwise 
adapted to the rail-road, of which a small piece, similar to that at Hirwain, 
was laid down for the purpose. 

** The engine, with water and fuel, weighed thirty cwt., two-third parts of 
which weight are calculated to press upon the hind wheels, which are alone 
attached to the engine. The only experiment capable of being made here was 
that of starting a dead weight on a single carriage, on a very short piece of road. 

" Twenty-three tons of iron, cast in long square pigs piuposely, were 
placed on one carriage weighing twenty-five cwt., which was all that could, 
without danger of falling, be placed upon it, and the engine attached. The 
steam being gently thrown on, the engine moved forward with the load to 
the extent of the range admitted. This experiment was repeated until the 
load was drawn too far, and the weight broke the rails next adjoining those 
which were alone strong enough to support it. 

** The cast-iron wheels, both under the engine and the load, were in this 
instance new, and the surface of the rail (also cast-iron) nearly so, though as 
smooth as it could be rendered by cleaning off the sand. 

** Mr. Gumey then proposed to run the engine alone, upon the same rail- 
road wheels, up the common road to my residence, which he did ; and the 
ascent in this road, which is a perfect inclined plane, is 3| inches in a yard, 
and at the termination (in the entrance of the. stable-yard) are sixteen feet 
in length on a rise of two feet in the sixteen, covered with fresh-broken lime- 
stone. The engine propelled the carriage with perfect facility up this eleva- 
tion, and repeatedly turned and cut the figure of eight, in a pitched yard of 
seventy-six feet long, by forty-eight feet-wide, never upon any occasion using 
more than two-thirds of this room for such turning. 

** On the following day, the engine was sent to Hirwain, and placed upon 

the rail-road, which is a dead level of three miles in length, and in the presence 

of many gentlemen and engineers was pronounced to be ready for starting as 

soon as the steam was up. 

Tons. Cwt Qrs. 

A load consisting of pig-iron weighing exactly 10 

Upon five carriages, weighing 16^ cwt. each 4 2 2 

One ditto, fitted with seats, &c 19 

Upwards of 100 persons, say 100 only, at 1 20 lbs. each . . . , 5 7 
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Makmg together Tons 20 8 2 

was attached to the engine. 



72 

<' You bave stated that in your carriages you do not anticipate drawing 
more than the weight of the engine V — '' Practically, on the common road, 
weight for weight. I explained in my former evidence^ that it was poesiUe 
to do more under favourahle circumstances ; but circumstances vary so much 
on the common road, that we ought not to calculate on doing more than 
weight for weight.^' 

" I requested Mr. Gurney to permit me to lay and light the fire, as he had 
informed me his boiler was capable of getting up steam in ten minutes. I 
laid the fire myself, and from the moment I applied the light, four minutes 
and fifty seconds only had elapsed ere the steam was up : many gentlemen 
$md engineers timed and witnessed this fact. 

*' The engine started with the load attached, weighing, as I before enume- 
rated, 20 tons, 8 cwt. 2 qrs., (and at this time there was an addition of many- 
other persons, to the extent of forty-seven), and drew the whole, without 
stopping, the full distance of the road, say three miles, in thirty-nine minutes, 
blowing away spare steam the whole way. After turning the engine, (which 
had not then a reversing motion), it returned with the same load to the place 
whence it started, in thirty-two minutes. 

*' The subsequent days have been devoted to various private experiments 
and trials, all of which have most satisfactorily proved the extreme capability 
of the power of raising steam by Mr. Gumey's boiler; and yesterday I again 
invited several gentlemen to witness a further experiment of the engine upon 
wheels with wrought-iron rings. 

*' The result was, that the engine drew a load of 21 J tons upon the same 
three miles in nineteen minutes, and returned in eighteen minutes ; and after 
this, the engine itself was loaded with 10 cwt. of pig-iron, making its own 
weight 40 cwt., and attached to a load of 33 tons, 18 cwt., which she drew at 
the rate of about 2} miles to 2| per hour ; and in this, as in every experiment 
performed, steam was, during the whole working time, blowing waste. The 
wheels were quite new, never having before been used, and consequently 
giving an advantage in adhesion to the engine, which probably will not be 
found when the rings of the wheels have assumed a smoother surface. 

" In the trials upon cast-iron wheels, the wheels had been more worn, and 
were comparatively smooth. 

'* Having faithfully detailed the principal experiments performed up to 
yesterday, I shall only ca]l the attention of your readers to the following 
points : — In all the cases named, Mr. Gumey's engine has drawn from 15 
to 16 J times her own weight, upon a level road, and has produced more than 
sufficient steam for the purpose : that the surfaces of the wheels have been 
in the first experiments of cast-iron, and in the latter of wrought-iron ; and 
that in all cases the rails of the road were of cast-iron, and have been laid 
down and in constant work only within the last twelve months, and are con- 
sequently at this time in a more favourable state for the performance of a 
locomotive engine than they probably will be when more worn and polished. 

I am. Sir, your obedient servant, 
" Cyfaithfa Iron Works, WILLIAM CRAWSHAY, Jun." 

18 th March, 1830 
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** The diameter of yow iteem-wbeel is lather greater than the dtameter of 
a carriage-wheel V^ — ** Yes ; the size of the wheel I proportion to the engine* 
80 that the piston may work under the most favourable circumstances." 

** It is by experiment simply that you haye arrived at your present sise of 
cylinder?*'— "Yes." 

** You stated in your former evidence, that you anticipated that passengers 
would be carried at one-half the rate by your steam-carriages that they are 
by the common carriages ; what difference in the ordinary expenses of carriage 
would it make if you had a paved road for this purpose V*^^** I think that it 
would reduce the expense to one-half again.'* 

'' K there were properly paved roads* you conceive that passengers might 
be carried at one-fourth the present expense ?" — ** Not exactly ; because the 
total expense includes the government duty* toUs* &c. as the same ; but as 
far as the steam-power is concerned they would. These subjects have been 
inquired into by a mathematical friend of mine* and he has published the 
result of his inquiries." 

'* You have stated that in certain states of the road yon find increased 
difficulty than in other states ?"•—'* I have ; and the difficulty arises from a 
mechanical application of the steam simply; namely* in consequence of the 
road being in a greasy state* and the wheels therefore more easily slipping* 
and under the circumstance do not fumish so good a fulcrum for prbpelllog. 

** Have you ever watched the operation of your carriages in snow I 
" I have ; I have used them both on snow and on ice. On ice* a very little 
roughing of the wheels is necessary* in the same manner as you rough 
horses* and little power is sufficient to propel the carriage* because under 
those circumstances the power to draw the weight is very considerably 
reduced* and therefore the full power of the engine is not necessary to be 
exerted : in deep snow* there certainly is great difficulty ; but I have no 
doubt that as the subject goes on improving* all those practical difficulties 
will be overcome." 

*' The difficulty would be greater in your carriage than in other carriages* 
would it not ?" — " I think not ; I think the carriage might be so constructed 
as to remove the difficulty." 

" Will you state the effect of ice below, and snow above* upon the action 
of your carriages ?" — " I have had occasion* in two or three instances* to 
use the carriage under those circumstances* with a view of judging of 
the practical result of it ; and I have not found any difficulty in its progress. 
The snow is pressed strongly under the wheel* becomes almost immoveable, 
and furnishes a good fulcrum for the wheel ; a little preparation only is 
necessary, and a very little is sufficient to overcome any moderate obstacle 
of that kind." 

" To what width could you extend the tire* without any inconvenience to 
the working of your carriage ?" — *' At present I cannot say to what limit it 
may be carried* but six inches would be no inconvenience." 

** Then your carriage would go with six inches tire ?" — " I think so ; and 
under certain circumstances easier* where the crust of the road is hard." 

** Would not that depend very much upon the road?" — ** It would; I 
would state general principled : I would submit to the consideration of the 
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Committee^ better to expktn my meaning, that it freqpiendj Imppens that a 
frost forme a cmet sufficiently hard to support the weight of a carriage a ton 
weight, but that it breaks under one or two tons : the power required to 
draw two carriages respectively so circumstanced is so great, that I can give 
you no data for estimates off-hand ; but it is evident, that the power of draw* 
ing a one*ton carriage would be little compared with the proportion of power 
required for drawing two. My answer to the question is, geneiaUy, as I find 
tibe public roads at this time/' 

** To what vdocity could you increase your present rate of travelling with 
your engine ?'' — *' I have stated that the velocity is limited by practical expe<^ 
rience only; theoretically it is limited only by quantity of steam: twdive 
miles, I think, we might keep up steadily, and run with great safety. The 
eztrane rate that we lu^ve run is between 20 and 30 miles an hour. I stated 
in my former evidence, that the carriage, when upset by Sir Chariee Dance, 
was at that time going at 18 miles an hour, but no injm^ happened either 
to the machinery or the persons upon it ; still I am of opinion, that that 
speed might be maintained with perfect safety by a little expwience in prac- 
tical management.^' 

** What are the practical objections to going at that rate ?"— *' I think the 
prindpal objections are want of real la^wled^e and experience ; I have been 
so many tin»» disappointed in what theoretically I had imagined true, that I 
am afraid to give a decided opinion on subjects not practically proved.'' 

Mr. Alexander Gordon examined. (Report, p. 77.) 

'' Complaints have been made that a great inconvenience arises to passen- 
gers along the road from the use of these carriages, from the horses being 
frightened, in consequence of the peculiar noise, the smoke, and the letting 
off the steam ; have you seen any inconvenience of that kind V* — *' I have 
seen one case where a gig ran off for about two hundred yards, and was then 
stopped without any accident. I have also seen the same thing happen with 
a stage-coach ; it is a common thing with a young shy horse. I have seen 
Mr. Gumey's coach at work in the Barrack-yard, in the Regent's Park, and 
have not seen the horses frightened there." 

'' Should you say you have seen a much greater number of cases of horses 
being frightened and running away attending the use of steam-carriages than of 
common coaches ?" — " My experience in steam-carriages is limited, and so 
must be that of every one when compared with the experience had with ordi- 
nary coaches : I have seen Mr. Gumey's engines going through the streets 
of London, and I have not seen horses frightened in any case ; they may shy 
and prick their ears« but they have not started." 

Mr. Joseph Gibbs examined. (Report, p. 78.) 

" Are you an engineer ?" — " I am." 

" Were yon brought up to that business ?" — " I was." 

" Are you the patentee or proprietor of a steam-carriage ?" — '< I am patentee 
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of a Bew method of men economicanjand gafdy generating rteam, which 
I am applying to tteam-carriagea." 

*' Has it been practically carried into effect in steam-carriages ?''-*-'' No ; 
I am building steam-carriages, one of which is complete. I hare been to 
Cheltenham to see the e£fect of a carriage there, and travelled nearly 100 
miks between Cheltenham and GUooeester, with Mr. Gkuney'a carriage with 
that ▼iew.** 

** Did yon find that any ineonyenience arose to the peiaons travelling upon 
the roads from Mr. GKurney'B carriage ?"«^'' I did not observe any particular 
inoonveiiience : certunly tilie horses shyed a little ; that may be accounted for 
from too great a quantity of fuel being consumed, which caused too great a 
smol^ and vapour, but that will be reduced as improvements take plaee.'' 

'* Have you paid attention to the effect on the roads of Mr. Gumey's 
ateam^carriage V* — ** I have." 

'< Will you give the result of your observations ?"— ^' I conceive that 
ateam^carriages do no injury to the roads further than the carriages at present 
in use ; no horses being applied, there is so much diminution of injury to the 
road from the horses not being used ; the wheels I do not conceive do any 
more injury than those of a stage-coach, supposing them of both the same 
weight.'* 

*' Then deductmg the weight of the horses, do you conceive that the injury 
is the same weight for weight >**-—" Precisely." 

*^ What opportunity had you of examining the state of the roads after the 
carriage had passed over V*'^** I frequently went in a carriage attached to the 
steam-carriage ; passing behind it, my object was to know the right width a 
wheel ought to be made to obtain sufficient traction, and I never saw any 
mud displaced which was upon the wheel during its revolution. I particu- 
larly remarked the indentatioiis in the tire which will be made in consequence 
of the wheel coming in contact with the sharp flints upon the road. Now if 
the wheel had slipped, the tire would have been graved or cut into small 
furrows; but that was not the case; I had the wheels cleaned in order to 
observe the effect." 

" Did you go up any hills?"--'' The hill going into Gloucester." 

*^ At what elevation ?"•—'' That I cannot say exactly; it is a considerable 
bin." 

** Do you oonceiva great improv^nents will take place in Mr. Gumey's 
carriage ?"-— ^' I conceive great improvements wiU. take place in all steam- 
carriages ; that they are in their infancy ; that thei o Hure not yet sufficient 
practical data to form a perfect judgment by, as to the ultzsnate shape of the 
vehicle, arrangement of parts, and weight ai machinery. 
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Mr. James Stone called in and examined. (Report^ pag^T): 

V. 

" What are you?"-—** An engineer." 

*' Have you had the superintendence of Sir Charles Dance's steam-car- 
riage 1 ?»'— " Yes, I have." 
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" On what road does it run« and how long has it ran on that road?'' — 
*' It was running regularly from the 2l8t of February to the 22d of June 
induBive." 

- " During that period, has any accident occurred ?" — '* Yes, by the break- 
ing ojf the axletree.^ 

*^- Mention the nature of the accident." — " We supposed it broke in con- 
sequence of an unusual quantity of stones laid down upon that part of the 
road that was always the most difficult to pass over j but no accident as to 
the bursting of the boiler, or any other thing took place, that occasioned any 
unpleasantness, or any thing like a serious accident as to injuring any persons. 
We had several little stoppages from defective tubes, of which the boiler is 
constructed; but nothing accrued from that, except merely stopping the 
progress of the carriage." 

" Was the carriage able to work with the adetree broken across V — *' It 
broke about a mile and a half from Cheltenham, and it came back all the way 
to Gloucester, notwithstanding the axletree being broken. One of the en- 
gines was able to work during that time ; and, of course, having only one 
engine, when it came to a hill, the men were obliged to assist it over the 
centre, as there was no momentum." 

** Can you state accurately the weight of the carriage ?" — *' I cannot." 

'* As far as you have observed, is the injury done to the roads by the pass- 
ing of the carriage greater or less than that by a carriage drawn by horses ?" 
•— '^ I think, taking the horses into the account, the injury must be much less : 
the tire of the wheels is three and a half inches wide, whereas many of the 
stage-coaches are as heavy as the steam-carriage, and with narrower wheels ; 
and I think it only fair to take the weight of the horses into the account, 
which I have foimd to be from eight to ten hundred weight each horse, con- 
sequently four horses would weigh from a ton and a half to two tons.'' 

*' You are answering now from theory ; you were directed to answer from 
observation." — " From observation, I do not think that the steam-carriages 
injure the road so much, from the wheels being wider." 

^' How frequently do you clean the tubes of the boiler ?"— <* It would be 
necessary to dean them once a month ; I should recommend that, but if they 
were actually cleaned once in three months, they would not give way ; it 
depends upon the quality of the water made use of." 

** Is there great facility in cleaning them ?" — ** Very great ; it is merely 
removing opposite the end of the orifice of the tube the screw-bolt; it is only 
to withdraw the screw-bolt and introduce the deaning-rod. We are in the 
habit of blowing out the tubes every two or three days, to deanse them." 

" What is the greatest number of passengers you have taken on that car- 
riage >"— ' • Thirty-six." 

".Thirty-six passengers and their luggage?" — ^'* Yes; but being a short 
'i5tage, there is never much laggage." 

" What do you suppose is the greatest weight you could draw by that car- 
riage, at the rate of ten miles an hour ?" — " From forty to fifty hundred 
weight ; it is found to be drawn much easier by dividing the weight into two 
carriages, than taking it in one only." 

<< Do you work, on an average, at half your utmost power of working with 
safety to the engine?" — *' I should think we did." 
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" Fall half?'*—" Yes." 

** Do you think more than that ?" — '' It depends so much upon the state 
of the fire." 

" The question was. Do you work, on an average, at half your full power?" 
-— '^ Yes, I should think we did. The greatest weight we ever drew on the 
common road, at a rate of from five to six miles an hour, was eleven tons." 

" Is that merely hy guess, or did you actually weigh ?" — " By weight ; we 
made the experiment on the Bristol road." 

*' What should you suppose to he the weight of the drawing-carriage ?" — 
** The weight of that was upwards of two tons." 

" Then it drew five times its own weight ?" — ** Yes, it did : the eleven 
tons I have stated included the weight of the drawing-carriage ; and I did 
not consider that the maximum power at all." 

'* Did you ever try it at a less velocity ?" — " No ; hecause, in applying the 
greatest power, we confine hoth the wheels to the engine." 

" Did you draw the nine tons with only the power of one wheel ?"— ^ 
" Yes." 

" Are you ahle, from the two circumstances you have mentioned, to say, 
that at three miles an hour you could draw considerahly more weight ?" — 
*' Yes, I have no douht of it whatever." 

" On what hreadth of tire was that weight drawn ?" — •' I think the tire 
was five inches of the propelling-carriage." 

*' For what distance did you continue to draw tjiat nine tons ?"-—'' A mile 
and a quarter." 

. ** Did the road vary in the inclination ?" — " Yes, a little ; the greatest 
elevation could not he more than one in twenty-five." 

" Did you ascend an inclination of one in twenty-five with that weight ?" — 
" Yes, we did." 

** For what distance?" — " From twenty to thirty yards." 

*' And, on the average of the mile and a half, wns it an ascending or a 
descending road ?" — " It was hoth ; there were little undulations in the road." 

** Can you measure accurately the power you are employing at any par- 
ticular time ; have you any gauge ?" — " No, we have never applied one ; I 
have conceived one, and am going to apply it." 

" A harometer tuhe ?" — ** Yes, that is the one. I think it right to state, 
that the wheels were taken ofifthat measured five feet diameter, and others 
were substituted, measuring only three feet diameter." 
- '* Do you wish to have it inferred from that, that you employed in both 
cases the same amount of power ?" — '* There must have been a little more 
power with wheels of three feet diameter." 

" Do you think you exerted your utmost power when you were drawing 
nine tons ?" — " No, and for the reasons stated, that there was only one wheel 
affixed to the engine." 

** May you not exert your utmost power upon one wheel, taking into con- 
sideration that the strain is greater ?"— " No, the wheel would slip round." 

" Was the surface of the road on which you tried that heavy weight broken 
up, or in any way rough, to give a greater amount of friction?"—** No, it 
was a good hard road." 
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" What proportionate charge do you make for conveyhig passengerB be- 
tween Cheltenham and Glouceeter ?"— -'' One shUIing." 

'* What do the coaches charge?" — ** Half-a-crown the four hoiaes^ and 
two-horse coaches two shiUings.'' 

*' Travelling at the same speed, do you think you could charge in the same 
proportion?" — " Yes*" 

** There would be a saving to the public of more than one-half?"—** Yes." 

" Have you taken many passengers ?"—" Yes, a great number; from 
February to June, between three and four thousand passengers. I have a 
book containing an account of the number of minutes that each journey 
took." 

*' The Committee have received a letter from the SwHreyor of the Gloucester 
and Cheltenham road, stating that there is a Ytary great noise proceeding from 
this carriage?" — " I have not heard that observation generaUy; there is a 
little noise, but not much." 

*' With red-hot burning coals falling on the road continually, or whenever 
the fire was moved ?" — " That has taken place when the ash-pit has been 
burnt out, but that is not necessary; the carriage I have recently fitted up 
will not be subject to that." 

*' You are of course aware that the letting coals drop is desirable to be 
obviated ?"-^'' Yes, and that I have guarded against." 

'* He also states, few animals will pass it without beingfrightened ; and often 
the traveller was obUged to take his horses into the fields adjoining the road; 
and very many who did not use that precaution had been placed in the most 
perilous situations ; and that a gentleman's carriage, in the neighbourhood, 
was overturned from the horses taking fright at it ?" — " Yes, I have under- 
stood that ; but that carriage has been overturned once or twice, owing to 
the carelessness of the driver. I have seen the gentleman, and he did not 
think any thing of the accident ; the coach turned round, and the coachman 
jumped off; but I never saw any thing bordering upon an accident during 
the time I was with it." 

*< He states, that persons have completely deserted that road ?" — *' I have 
never known but one individual that has been against it at Gloucester; but 
I have seen horses take fright at a stage-coach, and not at our carriage. In 
one instance, going out of Gloucester, we were just behind the stage-coach, 
and a horse in a chaise coming past took fright at the stage-coach, and when 
he came up to us, he took no notice of us; and therefore I am frilly per- 
suaded that horses do not take more fright at us than at a loaded stage- 
coach, from the observations I have made upon a number of experiments." 

*' Were there fourteen inches of stone laid on the road at the time the 
accident happened of the breaking of the axletree ?" — ^'^ Yes, there was. When 
the stones were levelled, they measured seven inches ; but at that time they 
were merely laid across the road, so that the carriage could not pass them 
without going through them." 

« Do you know that the passengers on the common stage-coach got out 
and helped the coach along ?" — " No, I do not know it ; I only heard it ; I 
do not know it." 

In May^ 1831, Mr, Ward made several trips in and about 
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Glasgow with one of Mr. Gumey's carnages, similar in its con- 
struction to those on the Gloucester and Cheltenham road. 
These experimental trips were, however, not of a nature the 
owners could have wished. This carriage had been hastily put 
together, and shipped off to Leith. On the voyage the engines 
received some injury, which not being perfectly repaired, occa- 
sioned the disappointment of delay in the introduction of steam- 
carriages in that quarter. 

On the 22d of May, a trip was made with nine passengers on 
the steam*^arriage, from Glai^ow to Paisley, and back by Ren- 
frew to Glasgow, at the speed of between nine and ten miles 
an hour. We hope that part of the kingdom, which may be 
styled the nursery of steam navigation, and where the power of 
machinery and all its detail are known and appreciated, will be 
amongst the first to cradle infant locomotion into greatness. 

Mr. Stone's experiment (above-mentioned in his evidence) on 
the Bristol road, near Gloucester, as to the power of one of these 
steam-carriages, was made by taking off the hind wheels, so as 
to reduce the speed and gain power. A pair of three-feet 
wheels were used on the hind axle, and the engine drew with 
ease a large waggon loaded with cast-iron. After going about 
a mile and a quarter, a cart, also loaded with cast-iron, was 
attached to the waggon. The engine started with these loaded 
carriages, and returned to Gloucester. The additional weight 
made so litUe apparent difference to the engine, that in the way 
back several persons among the spectators got up and rode ; the 
number altogether amounted to twenty-six. Hie waggon and 
cart were weighed at the toll-gate, and found to amount to seven 
tons, dight hundred weight; this, with the twenty-six, made 
nearly ten tons. This was done with only one wheel attached 
to the engine. Going into Gloucester there is a rise of about 
one in twenty, or twenty-five. The wheel did not slip, and there 
was no occasion to bolt the other wheeL The road on which the 
experiment was made is comparatively flat and hard. 

It was a matter of great regret, that any interested individuals 
should have it in their power to delay a national benefit by their 
opposition. A Pamphlet has recently been published by Mr. 
Gumey, detailing some of the difficulties he had to encounter; 
and as the proceedings which interested persons took against 
the invention are described in a postscript to that Pamphlet, it 
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may be well to quote therefrom, in tbe words of Sir Charles 
Dance to Mr. Gumey. 

" Hertsboume Manor Place^ 
" Feb. 3, 1832. 

" Dear Sir, 

" I have read the copy of your pamphlet, which I return 
herewith. I think you are right to publish it, for although the 
Report of the Committee of the House of Commons, last October, 
is very satisfactory, it cannot be generally known to the public. 
If you think the followirig^c?^« will be of any use, you are wel- 
come to state them on my authority. 

'^ My steam-carriages ran between Gloucester and Cheltenham 
regularly four times a day, for four months, from the 21st of 
February to the 22d of June, 1831, during which time they 
carried nearly 3,000 persons, and travelled nearly 4,000 miles* 
They performed the distance (nine miles) in fifty-five minutes, 
on an average, and frequently did it in forty-five. There were 
sometimes delays owing to defective pipes in the boiler, which 
prolonged the time, but no accident, hurt, or injury, ever hap- 
pened to any person whatever ; the engines were never out of 
order, and are as perfect now as they were at first Steam- 
carriages can be worked profitably, so as to cany passengers for 
one-half o{ the prices at present charged by horse-coaches. 

" Obstacles are always thrown in the way of a new invention, 
particularly if it is likely to produce important results, from the 
prejudices of those who have not fairly examined its merits, and 
by the opposition of others who expect their interests will be 
affected by its success. Thus objections have been made to 
these carriages, by various descriptions of persons, viz. country 
gentlemen, trustees of roads, farmers, coach-proprietors, coach- 
men, postboys, &c. &c. Some said they would be injurious to 
agriculture ; others, that they would destroy the roads ; others, 
that removing horses would ruin the farmers ; and others, that it 
would ruin the coach-proprietors, and throw all the hands em- 
ployed by them out of work. To these I replied, that the land 
which is used to keep one. horse would keep eight people, and 
consequently, that the removal of one thousand horses would 
feed eight thousand people; that the cheap and expeditious 
mode of conveying passengers, and canying every thing to 
market, would eminently tend to the welfare of all classes, agri- 
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if^ cultural and commercial ; that the roads would suffer less injury 
from the hroad wheels of steamers than from the horses* feet 
and narrow wheels of the present stage-coaches ; that coach- 
proprietors would get more custom by carrying people at half 
J the present prices, and would require less capital than in the 
3 i present uncertain outlay for horses ; and that coachmen, post- 
3 boys, and horsekeepers would also be benefited, as more men 
are employed about a steam than a horse-coach, in addition to 
the increased employment of artificers. The truth of these my 
arguments and opinions is fully confirmed and supported by the 
Report of the Committee. 

** It will naturally be asked, if the coaches were successful, 
why they stopped running ? I think this most important to be 
truly known to the public. 

" I have given a general idea of the opposition which was 
made to our undertaking. Understanding that the trustees of 
the Gloucester and Cheltenham road were urged by the oppo- 
nents of the undertaking to concoct measures for preventing the 
carriages running, on the 20th of June I addressed a printed 
letter to the * Trustees of the Gloucester and Cheltenham 
Roadj pointing out the advantages to be expected from the 
introduction of steam-carriages» which I concluded with the fol- 
lowing sentence : — 

'* * Having received encouragement from some of the leading 
members of the late and present Administrations, as well as from 
many distinguished persons in my own and other professions, 
I have come amongst you with the intention of establishing 
Mr. Gumey's invention, believing that it will be of the greatest 
benefit to the country. That it is daily gaining ground in public 
estimation, is evident from the increasing number ofpoMcngers; 
and I cannot believe that the enlightened body of gentlemen 
whom I now have the honour to address tmll seriously resolve 
to obstruct such an undertaking, sanctioned as it is by the King, 
and encouraged by the first people in the country.' 

" This was on the 20th of June ; on the 22d it was reported 
to me by my engineer, that large heaps of stones were laid across 
the road about four miles from Gloucester, eighteen inches deep ! 
w^hich the engine had passed over twice (in going to and return- 
ing from Cheltenham), with considerable difficulty ; and that it 
was so unusual a mode of repairing a road (which was in excel- 
lent order, and required i^o repairs) that it must be a most serious 
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obstruction to all descriptions of caxriages '. The steamer was, ia 
consequence of this difficulty, eighty minutes making the journey 
from Cheltenham with seventeen passengers '. 

'^ The steamer proceeded as usual to Cheltenham, in the 
afternoon of the same day, with sixteen passengers, and was 
again eighty minutes on the journey. On returning from Chel- 
tenham with nearly the same number of passengers, the axle<* 
tree broke about two miles from Cheltenham (before it reached 
the place where the stones had been laid down), which I at* 
tribute to the strain it had received in the morning from so 
unusual a resistance occasioned by the stones. 

It was represented to me by a great variefy of persons, who 
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^ That it was an unusual mode of repairing a road is seen from Mr. 
M'Adam's evidence (Rep. p. 91)> wherein it is stated, that ''it is usual to 
abstain from all general repair of the roads from the middle of April to the 
middle of October ;" and the inference we draw is, that it was also a hostile 
mode. 

« " Dear Sir, " Oloucester, June 23, 1831. 

*' I am exceedingly sorry to inform you that we have broke the hind 
asle. Yesterday morning we found the road filled up with lo6se stones for 
a considerable way near^ the four-mile stone. The carriage with difficulty 
went through them, and also returned through them again without any 
mischief; but the third time the strain broke the axle between the throws. 
The horse coaches have been stopped in the stones. The clerk at the branch 
bank of England says, that he came across by the mail this morning, and 
that it was also stopped. Mr. Todd, of Cheltenham, says that he was obliged 
to get down from the coach he came to town by, and that the horses could 
not get it through. The Champion, from London, a fine four-horsed coach, 
was brought up, and, in whipping to get through, broke the harness to 
pieces. Waggons are obliged to get extra horses ; in fact, the proceedings 
ate most unaccountable. It is some relief, however, to know that the 
steamer has gone through where horses have been brought up ; and I hope 
soon to get the axle mended. 

*' Many curious reports are abroad : it is said coach proprietors have done 
this ; I am persuaded, however, this is not the case. Though interested 
men, they are far too respectable for an act of this kind. I believe there is 
no doubt who has been at the bottom of it. 

" We have made altogether 396 regular joume3rs, making 3,644 miles in 
all. Our expenses in coke altogether 78Z. One-third of this ccke has been 
burnt in exercise and experiments when we were not nmning. I have taken 
the carriage to pieces to mend the axle, and find the engine not worn or 
injured ; and, with the exception of Ahe brasses on the crank, there has been 
no perceptible weai^of any part. I am, dear Sir, 

" Yours faithfully and obediently, 

" To G6&&wor% Gumey, Esq." '' JAMES STONE." 
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offered to come forward if necessaiy, that the obstrubtion on the 
road was so great and so anusual to the stage-coaches, as well 
as carriages of all descriptions, waggons, carts, &c., and even 
the mail, that I was urged to represent it to the Postmaster- 
Greneral to indict the trust, or to take soipe other legal mode of 
redress, against an act which was generally believed to be 
wilfully, committed, for the purpose of obstructing the steam- 
carriages. 

" I was resolved, however, not to do any thing hostile, if 
possible ; and felt only pity and contempt for those who could 
resort to such means for preventing a great national undertaking. 
But as I was convinced the public were daily growing more 
pleased with the conveyance, passengers from all parts of the 
kingdom declaring their satisfaction and cordial wishes for itsi 
success ; and the lower classes expressing their conviction, that 
the substitution of steam for horses would tend to their comfort 
and relief, it was my intention to have strengthened my wheels, 
and to have gone on in spite of any obstructions. But, in the 
course of the following week, I learned that a vast number of 
Turnpike Bills had passed and that more were passing through 
both Houses of Parliament, granting tolls upon steam-carriages, 
which would be a complete prohibition ; and that the Chelten-^ 
ham trust was one of the number* Feeling that we were thus 
likely to be defeated by acts of the Legislature, in addition to 
the other difficulties, I relinquished my intention of continuing 
to run the carriages, and hastened to London, where I arrived 
in time to consult with you as to your petitioning Parliament, 
which led to the appointment of the Committee of the House of 
Commons. I remain, dear Sir, 

" Yours most sincerely, 

" C. W. DANCE.'* 
** To Goldsworthy Grurneyy Esq.*^ 

In a letter from Sir Charles's engineer it is said, '^ there has* 
not been many minutes difference in the time of making each 
jotirney* I sUtribute the difference mainly to the different quali- 
ties of the coke^ as I have had different mixtures of coals made 
into cokei i^ order to ascertain, if possible, which would answer 
the best; and partiy to the different stokers having to keep up 
the fire. The time -has been kept with the greatest accuracy; 
but I have only registered the passengers booked, and who paid 
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fares : we took a large number who did not pay. We have 
charged less than one-half of the horse-coach fares for the last 
three months. This is a very bad place to commence on : we 
are surrounded with prejudiced people — ^agriculturists. Coach- 
proprietors, coachmen, stable-boys, and others directly or rn- 
directly connected with them ; these, with the old ladies of 
Cheltenham, I assure you, offer a formidable opposition to any 
innovation. Whenever we are a few minutes after our time, it 
is regularly reported we have either blown up or broke down, or 
both. I am happy to say, however, we have not met with the 
most trifling accident, up to this time." 

Mr. Walter Hancock, in the summer of 1831, completed a 
carriage with which he carried passengers from Bow and Strat- 
ford to and from Mile-end Road, for a considerable period with 
success. A new one has now within a few weeks superseded it, 
whj^ch, from the size and power of the engines, and the general 
arrangement, there can be no doubt it will succeed. 

The boiler is of a very peculiar nature, combining safety, 
economy of fuel and space, and providing an abundance of steam. 
Plate XI. shows an elevation of this boiler with part of the casing 
removed for the purpose of exhibiting the interior structure. 
A, one of the fire-doors, of which there are two. B, the fire- 
place. D, the stoke-hole. E E, the chambers, constructed of 
the best wrought-iron. F F, the manner in which all the cham- 
bers are bolted together, so as to form a large boiler of many 
compartments. On the plan of the boiler, the fillets of iron G G, 
which keep the individual compartments at a proper distance 
from each other. The spaces which these fillets leave are the 
flues of the boiler, through which, in the section of the boiler 
shown, the flame will be seen ascending as at H. All these 
compartments are connected at the bottom, for the purpose of 
keeping the water in each at the proper level ; and at the top 
the steam is conveyed from each by as many pipes as there are 
chambers into the steam feed-pipe J, by which the steam is con- 
veyed to the engines. 

By this arrangement the only parts of the boiler which can be 
dreaded are the sides ; but good ties will keep them together. 
And as to the bottom end and top of the boiler, which are com- 
posed of the edges of these compartments, if one part is burnt 
out or hurt, it is only that individual compartment which can 
burst, and its power of doing mischief is not worth notice. 
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Mr. Hancock's boiler may be relied on as safe^ and its only 
effectual rival is Mr. Gumey*s, in which (he water is still more 
subdivided. 

The engines in Mr. Hancock's new carriage are two. They 
are placed before the boiler, and are turned with the stuffing-box 
down, so that the cylinders are uppermost, und the pistons and 
correcting rods below. The crank-shaft with two cranks is 
supported by a flexible frame, which provides for any concus- 
sion on rough roads. A chain passes over a shive on the crank- 
shaft, and over a larger shive on the hind axle-tree. The 
wheels turn loose on the axle, and one or other, or both, are 
fixed by a clutch when required. This clutch is on the outside 
of the wheel, and can be screwed out or in, as the case demands, 
with great facility. The turning of (he carriage round to the 
off-side is prepared for, by throwing out the off-side clutch, and 
keeping in the near one, and the turn-round to the near-side is 
prepared for, by throwing out the near-clutch, and throwing in 
the off-side clutch. A little play is left between the catches in 
each clutch, so that a winding road may not oblige either wheel 
to be disengaged ; and it is only in a short turn, or a turn round, 
that (he clutch must be shifted, and this can be done in a very 
small space of time. 

The fire is urged by a blower, which is driven by a con- 
nection with (he engines. The waste steam is blown from the 
engines into the chimney, and so destroyed. The provision for 
turning, being similar to others already sufficiently described, is 
not here noticed. 

The passengers are carried on the same machine, Mr. Han- 
cock preferring that disposal of the weight to the dragging of it 
in a carriage behind. 

The wheels of this carriage are a beautiftd exhibition of 
strength and lightness combined. The spokes are all wedge- 
shaped, and where they are fastened into the nave abut against 
each other. Their escape laterally is prevented by a large iron 
disc at each end of the nave ; and these being bolted through, 
confine the spokes very securely in their place. 

In the Report, p. 32, Mr. Hancock's evidence is as follows: — 

" There are flat chambers which are placed side by side, the chambers 
being about two mches thick, and there is a space between each two inches ; 
there are ten chambers, and there are ten flues, and under the flues there is 



fix tqrme feet of fire, which is the ^lAaiuiian of the boiierlop'ancl bottom; 
the chamberg are filled from half full to twoHhirdB .w)^ lAitdr, md tj^eette 
third is left for steam; there is a communication quite through the series of 
chambers top and bottom ; this conmmnication is formed by means of tvo 
large bolts, which screw all the chambers together, the bottom bolts the bot- 
tom part of the chambers, and the top bolts the top part of the chambers, 
and by rdeaaing those bolts at any time all the chambers fiU apart, and by 
■crewiog them they are all made tight again ; we have braces to fasten them ; 
the steam Is driven out from the centre of one of the flues, and the water is 
ejected from the pump at the bottom communication for the supply of water/' 

*' Does the fire pass between the boxes, or does it pass through them?'' — 
'* It passes only between them." 

*' There is no line of conmiunication for the fire made betweoa the 
boxes?"-— ^' Nothing more than the flue through whkh the five passes; the 
sides of the boilers form the chimneys." 

" Have you ascertained what pressure such boilers are equal to ?" — " 1 
have never gone beyond 400 lbs. on an inch ; I have worked it on a road at 
400 ; the average pressure on an inch is from 60 to 100." 

*' At what pressure do you set your safety-valve ?" — ** Taking the average 
of roads, I work at about 70 lbs. upon the square inch." 

" You have calculated how many square feet of boiler ?" — " At the present 
carriage I have 100 square feet of boiler exposed to the fire." 

" What distance do you run from stage to stage ?" — ** What I consider 
the stages I have run is four miles ; but every eight miles I take in water ; 
I go there and back." 

*' You consider your stage eight miles V* — ** Yes." 

'« Do you talte in both i^ter and fiiel at the end of a stage ?" — ^* Yes, at 
the end of every eight miles." 

'* What quantity of water and what quantity of fuel do you use for each 
stage ?" — " About 7 cwt. of water, and sometimes eight ; it depends upon 
the roads ; we consume more steam when the roads run heavy." 

** How much coal or coke do you use for each stage ?" — " About two 
bushels of coke." 

** Do you mean that you take two bushels at the commencement of each 
stage ?" — " I take more with me, but I always consume a quarter of a busliel 
per mile." 

''You do not in that include your first charge of coke when you set off?" — 
** No, that would vary according to circumstances : if I were in a hurry, I 
could get <the steam up in five minutes ; butthe average time is about twenty 
minutes in gettii^up ovir ^am, sind we do not consume more than a bushel." 

'< That. is at first starting?"^*' That is at first starting." 

<« Do you apply a second carriage to your engine for passengers, or do you 
carry them in Uie same carriage ?" — '' The boiler is placed behind the car- 
riage ; there is an engine-house between the boiler and the carriage ; the 
engines are placed perpendicular between the passengers and the boiler, and 
tiie fore part of the vehicle is for the passengers, so that all the machinery is 
qinte behind the carriage, and the fore part of the pairiage entirely for the 
convenience of passengers." 
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^' Wben does the guide siti''^'' In the front, the eame exactly as a 
coachman in a common stage." 

** How many passengers haye you carried ?''•—** We carry ten i but I am 
making provision to carry fourteen." 

'*' What is the weight of your yehide ?" — ** I should imagine about three 
tons and a half." 

*^ Have yoBU ever weighed it V — ** Not this carriage i but the carriage I 
had before, the vehidie itself with the engines andboikn, weighed three t<ms; 
I consider the present carriage to weigh from three tons to three and a half 
tons, with fuel and water." 

'' Have you found the rate of tolls that have been charged at the turnpike* 
gates very high?"— ^' On the Oity-Road toll I have paid a shilling ; I do not 
know whether it is according to proportion, for it was a thing that did not 
embrace my attention at that time ; but the highest toll that I have paid is 
a shilling ; but on the road that I run from Stratford to London they told 
me they would not take it $ they would take it another day." 

" What effect do you think your carriage has upon the road, in proportion 
with a carriage eqiudly loaded, with four horses?" — "I think, myself, we 
should rather improve the roads by the operation of our engines, because a 
steam-coach requires broad wheels, perfectly upright and flat on the outside 
of the tire." 

** What is the breadth of the tire ?" — ** The tires of the present wheels are 
about three inches and a half." 

" What is the diameter of the hind wheels ?"-^<' Four feet. That is not 
a proportion that I consider to be working as a profitable diameter ; I con- 
aider that the diameter that should be used for a steam-coach is at least 
five feet.*' 

*' How wide could you make that tire without losing power ?"— '' It de- 
pends on the weight ; but taking the common coaches, I should say from 
aix to eight inches." 

'' Without injuring the power ?" — " 1 have no doubt it would be no draw- 
back cmthe power." 

''Do you consider that such breadth would be as good as any other, the 
best you could make?" — ''Yes; because a broad wheel on gravel is con- 
sidered to be a great advantage; it is a great disadvantage on a road which 
is between wet and dry ; but in those cases we have always an overplus of 
power blowing off at the safety-valve, and from that circumstance I am rather 
pleased at having rather a dead road to run upon, because we are obliged 
to construct the vehicle so as to overcome all obstacles in the road, such as 
dead gravel, &c." 

" To how many of your wheels do you apply your power ?*— " To two j 
occasionally one." 

" Do you apply it to a crank ?" — " The azletree of the present carriage is 
made precisely the same as the common axles now in use, straight and merely 
bent at the end, and I have a chain which I put on the nave of the wheel, 
and that commimicates with a corresponding chain-wheel on the crank-shaft 
<xf the engines." 
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" What is the sice of the circle on the wheel to which you af^ly your 
chain ?" — " About ten inches.'^ 

" How wide is the corresponding circle on the crank-shaft i" — " The cor- 
responding pulley of the shaft is just the same ; so that the power of the 
engine is the same exactly as though it were applied to the wheel itself." 

" You hare two wheels ; how do you move the first whed i" — *' There 
are two engines working on two cranks, exactly on the same principle as 
used in common for steam-coaches ; I take the chains ; I place the engines 
four feet from the axletree of the hind-wheels, and the communication of the 
chain is to allow me to put my work on the springs, and the play of the car- 
riage up and down is accommodated by the chain/' 

** Is your cylinder on springs ?" — '* Yes, every thing on springs." 

" Do you inake use of one or two cylinders V't — " Two." 

''What size?" — '' Twelve inches in the stroke, and nine inches in the 
bore." 

" Has your engine met with accidents ?" — '* No, except once I broke my 
chain ; but in the course of &ve minutes we could replace that chain, by 
taking an extra chain with us." 

^' Are your boilers easily cleaned ?" — " In all the experience I have had 
with the working of boilers, I have found that they never require cleaning. 
I consider that the ebullition is so rapid, and the action of water so violent, 
that it will not allow any dirt to fix." 

" How loDg do you calculate one of your boilers would last ?" — *' It de- 
pends upon the thickness of metal. The boiler we use I consider will last, 
in locomotive engines, from a twelvemonth to two years." 

" What is the thickness of the iron that you use?" — *' I should suppose 
about the eighth of an inch thick." 

*' Of what material are they composed ?" — " Of the best charcoal iron." 

" What is the appearance of your carriage ; has it an unsightly appear- 
ance?" — "I think my present carriage is any way from being handsome, 
because it has been built entirely for experiments." 

** Does the chimney rise above the carriage ?"— " No, you cannot see the 
chimney." 

" When steam is let ofi^, where is it let ofi"? — ** You can see nothing of it." 

*' Then there can arise no annoyance either from smoke, or from waste 
steam ?"— " None at aU." 

'< Do you find that horses are frightened by your carriage ?" — ** 1 think I 
may say safely, that not one horse in a thousand will take the least notice of 
it ; occasionally a horse may shy at it. I have seen fine blood-horses come 
along, and shy at a wheelbarrow lying in the road, and not shy at my 
engine. There is one very curious instance which once occurred, and I was 
obliged to the gentleman for the pains he had taken. He had a fine horse 
on the road, and this horse shyed ; he was determined to get over the diffi- 
culty, if it were possible ; and to make him acquainted with it, he came with 
the engine to town ; and at last, when we got to London, the horse got quite 
tranquil, so that he put his head in the engine-house, which is very uncom- 
mon, and which is a thing I never saw a horse do before. 
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" Then you anticipate that if such engines hecome more common^ there 
will be less difficulty in this respect ?" — " I have no doubt of it." 

**Does it produce any very extraordinary noise in its motion?*^ — " We 
have worked so quietly latterly, that I have almost run over people on the 
road, and they have not heard me ; I have had to halt very often ; they have 
not been aware of the coach coming." 

'^ Under any circumstances, the noise that is anticipated would take place 
from the defect of the machinery, and not from the machinery itself I"—- 
*' Yes; we make one-third of the noise of a common-stage." 

'* When you let off steam, does it produce any violent noise in stopping ?" — 
** I can give an instance to the contrary which occurred in London, which is 
the best place to put the thing to a test : about a fortnight or three weeks 
ago, Mr. Wilks was kind enough to mention my running on the Stratford- 
road, and I wished him to present a petition from me to the House of Com- 
mons, and at the same time requested that he would take a ride with me in 
my engine on the Stratford-road ; I waited three-quarters of an hour for him, 
and the machinery was working the whole of the time ; there were hundreds 
of people walking round it, and I suppose they did not know it was working 
at all ; there was no noise at all in the machinery; and you could not, unless 
you had gone to the back, know that it was working." 

*' Does spare steam pass off without noise ?" — ** Not any." 

*' Supposing that you were going at full work, and that you had occasion 
to stop for a passenger, you would be obliged to let off steam ?" — '' Yes ; but 
knowing from experience how to obviate a disadvantage of this kind, which 
of course practice alone has brought to bear, it is probable that a stranger 
would hardly know it, it is so quiet." 

**In what part would it be thrown off?" — " It is divided and thrown off 
from the £bre in every direction, and it is instantly consumed ; the force is 
spent." 

'* Is not that rather a dangerous experiment, to throw a great body of 
steam upon a confined fire ?" — ** No, we have never found any disadvantage 
from it." 

" In no circumstances in which the engine may be at work, have you to 
let off steam in a way to create a noise ?" — '* No ; the boiler will not hold 
any quantity of steam ; we let off steam from the safety-valve as fast as we 
make it ; there is no capacity for accumulation ; the fault of many of the 
boilers is, that if any accident happens there is a complete explosion." 

''Then, of course, the danger is lessened?" — "Yes, to construct a boiler of 
that kind has been my object, so that the steam may be let off*" 

" Suppose if one of your boilers were to burst, what would happen?'^ — 
*' 1 will give the committee an instance. I was travelling about nine miles 
an hour at the time the boiler was the twenty-fourth part of an inch thick. 
I was working then at 100 lbs. on the square-inch with thirteen persons on 
the present vehicle that I have now in use, and all of a sudden the carriage 
stopped, and for what reason I was at a loss to know; I got from my stage- 
seat and went to the engineer to ask him what was the reason he had stopped 
the steam ; he told me he had not stopped the carriage, and he inunediately 
applied his hand to the gauge-cocks ; I found there was neither steam nor 
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water in tlie boiler. I immediately knew that the boiler was buiat; they 
said they did not know it^ as they heard no noiBe> and I tdd them that I did 
not mean they should know it. I said I would show them that it was so, 
and I took the boiler from the carriage and unscrewed it, and there were four 
large holes that I could put my hand into. This occurred from the diambers 
being too thin, and they drove all the water out of the boiler, and yet there 
was no injury to any person ; there was not one person that heard any report ; 
there was no steam, and there were no symptoms in any way that the maohine 
itself had burst.'' 

''Do your boilers extend under the place where passengers sH V* — ^*'No, 
quite at the back.'' 

" What is the length of the carriage ?*'—'< About sixteen feet, and tibe room 
the boilers occupy is aboirt three feet." 

'* Are tiie chambers oi the boiler placed upright side by side?" — ^^'They 
are placed sideways." 

** In what circle could you turn your carriage ?"-~'' The circle of the 
inner wheels would be four feet, and the outer wheel would exceed that by 
the breadth between the wheels ; taking the average it would be ten feet." 

** Supposing you wanted to turn round, what should you do ?" — ** If I got 
into any difficulty, and wished to go back, by applying my hand to the lever, 
I should reverse the motions and run the reverse way." 

'* Supposing that you are travelling in a street of ten feet wide, and that 
there was another street of ten feet wide branching off at right angles with 
the first street, would there be any difficulty in turning into it ?" — " Not 
any, but I could not turn round in that street. In that case I should back 
the engine." 

'* Would you check your speed ?"— << That would depend upon the speed 
I was going at. If I was going at six miles an hour, it is probable that I 
should not check the speed ; but if I were going ten miles, it is probable 
that I should before I turned round into the street." 

*' Are your fore-wheels and hind-wheels the same diameter?"—- **The fore* 
wheels are three feet three, and the hind-wheels are four feet." 

** Can you reverse the action of your carriage with great ease ?" — *' Yes ; 
by simply pulling a lever, it is done momentarily. In my present carriage 
I could not ; but I have an arrangement of tiiat kind in the other carriage 
which I am making." 

" Supposing you were going at the rate of eight miles an hour, and that 
you wished to stop sudd^y, in what number of feet could you stop your 
carriage ?" — *' I will say twelve feet." 

" Of course there is equal facility in avoiding any particular object on the 
road?"— "Yes." 

*' In stopping so suddenly, would there not be a danger of your being 
thrown off?"—" No, I think not." 

** Have you ever done it ?" — " Yes, I think I have." 

" Supposing that you wanted to stop in the quickest possible way, at what 
distance could you stop at that rate of speed?"-— "About four feet, I should 
think, by baddng the engines, because it is like putting a block to the 
wheel." 
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*' WoaldlhCTe be no dai^er in that V — ** No, I think not; it would tibf ow 
a strain on the jengines ; the rate of eight miles an hour is not so great ; it is 
only in extreme cases that that woold be done. I am Tery firequently obliged 
io pnll np y^ shorty ficom children mmiii^ in the road.'' 

'* Of what materials are yonr wheels made V* — *' Like common dished 
wheels, they ooght to be pesfectly cylindrical. I merely took tfaemrto avoid 
expense ; they were wheels which I had by me.'' 

'' Aoe you priof>rietor of any other coaches ?"-^*' No." 

" Have you any means of ascertaining the proportion of friction that there 
is on your wheels, and those drawn by horses ?" — " No, I have never gone 
into experiments to any extent upon that point." 

** Are your .\dieels shod frequently!" — ** No, I have never had occasion to 
have the wheels shod ; they were not worn out." 

^' For what number of miles could you run without being obliged to shoe 
your wheels?"— "I do not know." 

*' Do you find any ditferenee of wear between your propelling-wheels and 
your draMring-wheels ?"—-'' No, except in relation to the weight on the hind* 
wheds. We throw more weight in order to produce friction, to get adhesion 
to the ground." 

'*' Have you turned your attention to the improvement oi yotir machine, 
by affixing a carriage 4;o it, and making your engine independent of l&e car- 
riage ?" — '* Yes; I have considered the thing well in every point, and I think 
it is much better to construct the carriage both for passengers and machinery 
on one arrangement, not to have the thing divided : my reason for consider- 
ing it an improvement is this ; for instance, if a new road is made, the object 
of the proprietors of that road is to get as heavy a roller as they can, even if 
it requires eight horses to draw the roller ; they do that in order to imbed the 
gravel to make it solid, and the nearer that steam-coach approaches that 
roUer, the better it is for the propelling-wheels." 

*' Have you made any calculation as to the number of horses that the 
extension 'Of~ these carriages will displace with respect to each stage ; what 
borse-power is- equivalent to the carriage that you run ?" — '* I take a stage to 
run 100 miles a day, and I reckon upon the average it would ts^e from 48 to 
50 horses for the whole distance ; the conunon average is a horse a mile ; but 
from the information I have endeavoured to get, from what I have gathered, 
I find it is about 48 or 60 ; I believe it is to be taken backwards and forwards 
at a horse a mile." 

" Would your carriage displace along the road four horses on each stage ?" — 
*^ Two ten-horse engines would displace the whole niunber of horses along 
the stage." 

" Have you made experiments which enable you to answer these ques- 
tions ?" — " I was not at all prepared ; my principal object has been to ascer- 
tain what power I have to do a certain work ; I have paid very little attention 
to horse-power." 

** Do you think that your carriage is equivalent to a four-horse carriage on 
the road, in the number of persons it would draw ?" — ''It is more than equi- 
valent to it, from the circumstance of its being able to do more work." 

*' Supposing you have to run seven miles, how many passengers could you 
carry at your present speed ?" — " Fourteen." 
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^* Siq>po8iiig that a coach of four hones were to ran that seven miles, how 
many passengers would it take V — " It would carry the same number.'^ 

*' What weighty upon a dead level, will set your carriage in motion on the 
road if you were to attach a rope to the pole, and suspend that rope over a 
pulley, and attach a weight to it, what weight will set your carriage in mo- 
tion ?" — ** It is an experiment I have never tried, and I am not prepared to 
answer.'* 

** Do you know what, if you were to set your carriage on an inclined plane, 
is the inclination that will set it moving V — " No, that is not a thing which 
I have tried.'* 

** Do all the wheels follow in the same track ?*' — " Yes, they do.** 

** Have you ever tried your carriage up hill on an inclination V* — " Yes, I 
have, repeatedly.** 

** Do you find an increased difficulty in proportion to the length of the 
inclination ?" — *' No, we go much slower; but we never find any difficulty.*' 

'* Have you ever found your wheels slip ?" — " No, excepting once on the 
City-Road, at the time when the frost was on the road ; it was quite slippery ; 
and then, for an experiment, I tried to see if I could run up the Pentonville- 
Hill with one wheel only, and I did, but it was with some difficulty towards 
the top ; if I had propelled by the two wheels, there would have been none.'* 

*' Have you found at what inclination in a frost the wheels will begin to 
turn ?'* — '^ I never witnessed such a thing." 

" Are you aware that such a thing will occur?" — '' Yes ; but I think there 
are no hills which are to be found, upon which horses travel, but what a 
coach would propel itself up." 

" Have you ever seen your carriage get into a deep rut ?" — ''Yes." 

'' In such a case what generally happens ?" — " If it is a single wheel, it 
may go round two or three times ; if I have two wheels, it is improbable I 
should get into such a situation." 

" Do you find peculiar states of the roads upon which you travel more 
disadvantageous than others to the progress of your carriage ?" — " Yes." 

"Which do you find the most disadvantageous?" — "When the roads are 
between wet and dry.'* 

" In going down a hill, are you obliged to lock your wheel in any way ?" — 
" Yes, if it is much down hill ; it depends upon its inclination." 

" What is the nature of the provision for locking the wheel ?'* — " A metal- 
lic band, bearing upon the outer part of the wheel." 

" What are the fares that you take, higher or lower than ordinary stages ?" — 
"They are the same fares as the stage fares, eight-pence from Bow, and 
nine-pence from Stratford." 

"How much is that a mile?" — "Barely two-pence a mile." 

" In what proportion to what is charged by stage-coaches do you think you 
should be able to charge your fares ?" — " I think the fares would be reduced 
to two-thirds, after a short time, if supported, and not over-burthened by tolls." 

" Should you be able to continue running if the fares were reduced to two- 
thirds ?"—" Yes." 

" In your present state of knowledge upon this subject, in what proportion 
do you think the rate of travelling would be diminished ?" — " In the propor- 
tion I have stated of two-thirds." 
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** Is it your opinion, that, generally speaking, it would be reduced two- 
thirds ?" — " Not in the outset, but after the thing has had full play." 

** Have you made any calculation of the expense of running a coach drawn 
by four horses, carrying a certain number of passengers, and that of running 
with one of your carriages at the same velocity ?'*—** I have endeavoured 
several times, but I have never been able to get an accurate account of the 
power and other expenses incurred in driving a long stage ; but I reckon my 
own expenses will cost from three to four pounds a day, including all expenses 
attadied to the coach, wages for engineer, steersman, fuel, oil, &c." 

** What expense is it a mile upon your coach?" — " I have taken the one 
hundred miles, and included the day's expenses." 

** Were you ever a stage-proprietor yourself?" — "No." 

** Then from your own knowledge you can state nothing as to the cost of 
carrying passengers by a stage-coach ?" — ** No." 

** Could you, if you were to travel one hundred miles in ten hours, keep up 
that rate without damage to the machine ?" — '' Yes, I reckon the work would 
be done in eight hours, but the stoppages and one thing and another will take 
up two hours." 

Mr. Farey's farther evidence of this engine (Report, p. 49,) 
is as follows : — 

*' Were you ever in Mr. HancocVs carriage, when travelling?" — ** Yes ; 
I have ridden on it ; but he has put in larger cylinders since I went with 
him the last time, and I understand makes better progress now. I have 
examined all his present machinery in detail, and think it very judiciously 
planned." 

** Did you find that it frightened horses, or annoyed passengers ?" — '* I 
have stated before, that I found horses were not frightened ; but every one 
must judge for himself of the degree of annoyance he experiences. Persons 
"who are accustomed to travel in luxurious private carriages would find many 
annoyances in a common stage-coach, which others would consider as ex- 
cellent travelling. I am so accustomed to machinery, and to stage-coach 
travelling and to steam-boats, that I am not liable to be annoyed thereby ; 
and I found riding in Mr. Hancock's carriage to be exceedingly like travel- 
ling in a stage-coach. I heard no complaints by passengers. I believe he 
has never found any difficulty in getting passengers, since he has run for 
hire. Persons are reported to be annoyed by the smell of hot grease, in the 
steam-coaches on the Cheltenham road; I can only say, that I never observed 
such a smell in Mr. Hancock's carriage. If there are any real annoyances 
to the passengers in particular steam-coaches, they will work their own cure 
in a short time, either by the proprietors finding out remedies, or else giving 
up their coaches, as they must do if they are not rendered agreeable tp the 
passengers. The only question that deserves attention is, whether there is 
any danger to passengers, or any serious annojrance to other persons not 
passengers.'^ 

*' Did you observe any horses or carriages passing his carriage?" — " Yes, 
I have always passed through crowds of horses and carriages with all the 
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Bteam-eoaelies I have tried ; there ii so much curiouty exeited by the 
novelty of a steam-coach in motiou» that all the hones on the road are 
drawn up to get a sight of it, and many are turned to f<^ow after it. I hove 
obflenred that some horses take very little notice of the steam-coach ; others! 
are a little startled, but I never saw any difficulty which the reins could not 
control with the greatest ease ; horses are easily alarmed at any thing vobh 
usual, but they very soon beoome aoenstomed to any thing, as is shown by 
the readiness with which horsoi can bo brought to endure disdiarges of fir^f 
arms and of artillery. A patent was taken out some years ago for what was 
called a Travelling Advertiser; it was a small four-wheeled carriage, support- 
ing an enormous octagonal tower, which was stuck all over the outside vnBx 
printed bills for advertisements i it was drawn very slowly through the 
streets by one hearse, and had a most imusual appearance : this machine was 
indicted as a nuisance because it frightened horses;.'' 

*^ Have you never observed horses to shy at a stago-coach.when heavily 
laden?''-—'' I have observed horses, to be alarmed at the enormous bulk 
which some of the vans carry at tims at a great height above ground; 
horses are the most timid animals to encounter every thing that they are not 
accustomed to, and the most courageous animals to encounter every thing 
ihat they are accustomed to, even when really terrific, such as discharges of 
fire-arms." 

Messrs. Summers and Ogle are now engaged making experi- 
ments witi a locomotive-carriage, undert heir patent, at South- 
ampton. I was politely furnished by the patentees with a 
perspective drawing of this engine, but am unable to furnish a 
drawing, as their more perfe^ description has only arrived as 
this sheet is going to press. In order, however, to give informa- 
tion from an authentic source, I quote from the Report of the 
Committee of the House of Commons. 

Mr. Nathaniel Ogle in his examination, (Report, p, 69,) gave 
evidence as foUows : — • 

" What is your profession ?»»— " I have no {urofession ; I am pursuing the 
introduction oi locomot^e-engines on common roads.'' 

" Have yon invented any carriage of this description actually now in 
practice ?*'— « Yes, partly so." 

** Have you nctt your carriage for^my length of time on public roads ?'*— 
** About e%ht hundred miles, or rather more, over roads of various 
descriptions> and uplofty hills.'' 

'' Win you describe generally the nature of your carriage, and of aniy 
improvements you have made, since you first turned your attention to the 
sul]ject ?" — " The object in all locomotive vehicles is to obtain a mode of 
generating steam that shall give the command of a sufficient power, under 
all varying- circumstances to be met with on th^ common roads. We have 
obtained that desideratum, by combining the greatest heating surface in the 
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least possible spaee^ with the strongest mechanical force, so that we work 
our present boiler at 250 lbs. pressure of steam on the inch, with the most 
perfect safety. Our experimental vehicle, . weighing about three tons, or 
rather more, we have propelled from London to Southampton, and on die 
roads in the vicinity of Milbrook, at various speeds. The greatest velocity 
we obtained, over rather a wet road, with patches of gravel upon it, was 
between thurty-two and thirty-five miles. an hour. We have ascended a hill 
with a soft wet bottom, rising one foot in sir, at rather a slow rate. We 
have ascended one of the loftiest hills in the distrii^ near Southampton, at 
sixteen and a half miles an hour. We have gone &om the turnpike-gate at 
Southampton to the four-mile stone on the London-road, a continued eleva- 
vation, with one very sUght descent, at a rate of twenty-four and a half' 
miles an hom', loaded with people. The locomotive vehicles used on the 
Liverpool and Manchester rail-road would not go at three miles an hour on 
a common level road, and would not ascend any hill ; and on account of th« 
diameter of their boilers, cannot, scientifically speaking, be considered safe. 
The vehicle is under perfect control in every respect. No accident from 
explosion can take place. We have had whole families of ladies, day after 
day, out with us in all directions, and who have the most perfect confidence.*' 

** Will you describe the form of your boiler ?" — ** The base of the boiler 
and the summit are composed of cross pieces, cylindrical within, and square 
without; there are holes bored through these cross-pieces, and inserted 
through the whole is an air-tube. The inner hole of the lower surface, and 
the under hole of the upper surface, are rather larger than the other ones. 
Round the air-tube is placed a small cylinder, the collar of which fits round 
the larger aperture on the iimer surface of the lower frame, and the under 
surface of the upper framo-woi^. These ore both drawn together by screws 
from the top ; these cross-pieces are united by connecting pieces, the whole 
strongly bolted together, so that we obtsdn in one-tenth of the space, and 
with one-tenth of the we^ht, the same heating surface and power as is now 
obtained in other and low-pressure boilers, with incalculably greater safety. 
Our present experimental boiler contains 250 superficial feet of heating sur- 
face in the space of 3 feet 8 inches high, 3 feet long, and two feet 4 inches 
broad, and weighs about 800 weight. We supply the two cylinders with 
steam, communicating by their pistons with a crank-axle, to the. ends of 
which either one or both wheels are affixed as may be required. One wheel 
is found sufficient, excepting under very difficult circumstances, and when 
the elevation is about one foot in six, to impel the vehicle forward.'' 

** You state that the weight of lihat carriage is about three tons or more ; 
is that independent of the necessary load ?" — " That will include the coke 
and the water, but not the passei^ers." 

*' Have you any peculiar means for rendering explosion impossible?" — 
** Yes; the cylinders of which the boiler is composed are so small as to bear 
a greater pressure than could be produced by the quantity of fire beneath 
tbe boiler, and if any one of these cylinders should be ix^ured by violence, 
or any other way, it would become merely ai safety-valve to the rest. We 
never with the greatest pressure burst, rent, or injured our boiler, and it has 
not once required cleaning after having been in use twelve months.'^ 
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" At what pressure do yoa usnally work your carriage ?" — '^Two hundred 
and forty-seven pounds on the square inch of the boiler, but we have worked 
it at a greater pressure than that." 

'^ To what pressure do you usually weight your safety-valve V* — " Two 
hundred and forty-seven pounds." 

** Then you travel always on the lift ?** — *' Yes ; we are always glad to see 
our steam blowing off, and when our fire is even moderately good, it is 
always blowing off, even up the steepest hills, proving an excess of power." 

'' Does that create any annoyance to passengers along the road ?"— 
" None whatever ; the waste steam is carried round a double casing of the 
fire-place, then brought over the surfeuse of the fire, where some portion is 
consumed, and the rest passes off through a very small chimney in an 
aeriform state." 

'' Do you use coal or coke ?" — ** Soft and good coke, which easily ignites 
and bums rapidly." 

. *' You have not any annoyance then to passengers from smoke from your 
carriages ?" — " None whatever ; there is no appearance of smoke except on 
lighting the fire with wood, which is necessary to ignite the coke." 

'* That takes place before you start ?" — *' Yes ; but even that will not be 
necessary when every thing is arranged." 

''You state that your carriage is under the most perfect control?" — 
" Perfect." 

" Supposing you were going at the rate of ten miles an hour on a level 
road, in what number of feet do you suppose you could entirely check the 
carriage ?" — '* It would be difidcult to state precisely the number of feet, but 
certainly in a less space than you could stop a pair of carriage-horses going 
with the same weight attached to them. I have no hesitation in saying, that 
a steam-vehicle is safer in every respect than one with horses, that it is under 
more complete management at the same velocities and with the same weight, 
that it is more easily controlled, and that none of the accidents from fractious 
horses can take place with steam-carriages." 

" Do you find that horses are generally frightened by passing your 
carriage ?" — " Very few indeed; persons usudly alarm their own horses (the 
animal being quickly subject to alarm)^ either by dismounting, or patting 
them, and thus anticipating apprehension." 

*' How many wheels have you ?"— " Our present carriage has only three, 
so that the centre-wheel rolls that portion of the road which has been cut up 
by the action of the horses' feet." 

/'Is it of the same breadth as the two hind ones ?" — " It is broader, being- 
four inches and a ha]f.'' 

" Is the centre wheel a guiding wheel ?" — " It is." 
• *' What portion of weight is upon that as compared with the others ?" — 
" That mu6t vary a little, but generally about one-third." 

" Is yours a coach ?" — " No, it is a treble-bodied phaeton." 

" How many passengers have you carried when you have gone at the 
rates you have described ?" — " I think I have seen nineteen; weight is of no 
importance to a steamer." 

Taking the weight of your carriage, with the engine, at three tons, what 
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weight do you suppose that you could carry at the rates you have spoken 
of ?" — " Between three and four tons, very well." 

" Besides its own weight ?" — ** Yes." 

" Doubling its own weight ?" — " Yes ; twenty people will weigh more 
than a ton and a half." 

" For what distance do you travel without taking in water ?" — " We can 
increase our capability to a great extent ; at present, we carry about seven 
hundred weight of water ; it lasts about forty minutes $ thSt depends on the 
quality of the road." 

** How much coke?" — **The quantity we carry is according to the 
distance we wish to go." 

" What weight of fuel would you think it necessary to take in, to go one 
of your average stages ?" — " Three bushels." 

'* How much does a bushel weigh ?" — *' That is difficult to answer ; coke 
differs in its weight : the average weight is about forty pounds a bushel." 

** Are your wheels dished, or are they cylindrical ?" — " Cylindrical, with 
flat tires." 

" What are the diameters of your propelling wheels ?" — " We have 
generally used them about six feet ; those we have now are about five feet 



six." 
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Have you changed the diameters from experiment, from finding the 
smaller diameter more convenient ?" — '* From finding some wheels with the 
spokes cut through, whether intentionally by the workmen, or from mere 
neglect, we could not teU ; but they were merely reduced from six feet to 
Gve feet six." 

*' For a carriage calculated to carry eighteen persons, what would be the 
length, and what the breadth ?" — '' I think that our next will measure 
eighteen feet six ; that is not so long as a carriage with two horses : the 
breadth six feet nine inches between the wheels." 

** In the improvements you are now engaged upon in your carriage, are 
they relative to the size and weights of the different parts, or merely in the 
conveyance of the goods and passengers ?" — " They are more in improving 
slight details ; the power we have, beyond all question, to propel vehicles of 
any weight, at any required velocity." 

*' Have you made many experiments as to the size of your cylinder ?"•— 
*' We have made several experiments." 

*' In reference to the usual velocity you require, and the weight you have 
to carry, what do you find the most advantageous size of cylinder i" — *^ The 
larger the cylinder, certainly, the better." 

" What is the greatest weight that any steam-engine you have ever built 
is capable of carrying ten miles an hour }" — '* About three tons, in addition 
to its own weight." 

'* Have you ever ascertained that that carriage, when loaded, weighs six 
tons ?" — *' No, never." 

** What was the greatest weight you ever weighed ?" — *' We never 
weighed it at aU. I can only speak from conjecture. I have E(den nineteen 
persons on it, and seven hundred weight of water." 

** At what rate did you travel with that load ?"— •«' We went with that 
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load up a considMiibie B$ceot, i^ut tbirtoen miles from Soutbampton> I 
should think, about from a quarts to half a mile. We tn»nelled about ten 
miles an hour." 

" How did you ascertain that rate ; did you make accurate obsenrations at 
the time ?" — " We know pretty accurately, by observatloQ, at what rate we 
are going; but we can ascertain with the greatest minuteness, by knowing 
the number of revolutions made by a wheel of a certain diameter/^ 

The speed these engines are said to ha-ve gone at, should be 
judged by measurement of the road, not by conjecture or calcu- 
lation. The speed of a body in motion is always difficult to 
determine. It cannot be judged of with accuracy by merely 
counting the strokes of the engine, when a carriage is flying 
along at this rate, of a mile in two minutes, even supposing the 
patentee's calculation to be correct. There is a very great 
probability that the speed of the engine may not be properly 
counted, and I am yeiy much inclined to think the wheels at 
that speed may travel through thirty miles, whilst the carriage 
will not pass over twenty-fiye miles, because the great speed 
of the engine may not have time for the wheel to hold the 
groimd. The greater the speed of the carriage the less the 
weight bears on the point of impulse ; this lessens the hold of 
the driving-wheel on the road, and hence it may travel thirty or 
more miles skiffing the ground, whilst the carriage is only 
made to travel twenty-five or fewer miles. 

'* When you were conveying those nineteen persons, how many horse 
power do you suppose was exerted by your machine V — " Nearly twenty- 
horse power." 

" You have stated that your carriages do not do injury to roads, but are 
r^cther a benefit i subsequently you have said that your carriages did not do 
half the injury of common carriages V — *' Yes ; if the tire of the wheel was 
very broad it would be no injury.'* 

Mr. William AUtoft Summers called in, and examined. 



" Are you practically acquainted with the operation of steam^tfcarriages on 
cpm^ioii ro^ r'— :" I aip," 

" Have you ever superintended the building of steam-dgniages^' — *' I 
have sup^ntended the bi]41ding of two steam-yehides." 

'^ In the inresenli (carriages which, you run on the Southampton-road, what 
is the size of the cylinders ?" — '^ Seven inches and a half diameter each, aad 
the stroke of each piston eighteeu inches.'' 
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" Do yon iqpply yoor power immediately from the piston to the crank ?" 
— '• Through the medium of a connecting-rod only." 

" You have stated that you went up at the rate of fifteen miles an hour 5 
how did you make that calculation?" — *' By counting the number of revolu- 
tions made by the hind wheels/' 

" Are you quite sure there was no loss from slipping during that period ?" 
— ** I am quite sure there was no loss." 

'' Having ascended the most difficult part at the rate of fifteen miles per 
hour, and placing your mean power at so low as ten miles per hour, and 
stating the reason of the mean being s6 low that the fire was in better order 
at one period than another; does it proceed from any defect in your fire- 
place which renders it difficult to keep the fire always at a certain power?" — 
" At that time we had not the means of stoking or putting fuel on the fire 
through the centre of the boiler, the consequence of which was, that we 
were obliged to put a greater quantity of fuel on the fire than we otherwise 
should have been, which caused the fire to be a considerable time before it 
humt through the fresh fuel ; but having lately made a trifling improvement 
in our boiler, we now average with the present vehicle fifteen miles per 
hour." 

•'Were you travelling for hire on that road?" — «' We have never tra- 
velled for hire yet, but merely on experimental journeys." 

** What distance have you ever contmued travelling at the rate of thirty 
miles an hour ?" — ** We have continued travelling at the rate of thirty miles 
an hour, four hours and a half very frequently, and could have continued to 
have gone longer had we not required a fresh supply of water, our tank 
heing not quite largb enough." 

*' How could ydu continue to travel at the rate of thirty miles an hour, 
when you have already given so low a mean of the average of travelling on 
account of your fire-place ?"— *' Because it depends entirely on the quality 
of ihe fire ; we have never found any difficulty in travelling over the worst 
and most hilly roads since our last improvement in the furnace, when the 
fire is in good order." 

** By what operation do you decrease the velocity of the carriage going 
down the hill so as to check the inclination of itself to run down the hill, 
and yet keep it under control?" — ** On arriving at the brow of the hill we 
throtUe or wire-draw the steam in order to check the velocity of the engines ; 
and if we find that the hill is so steep that the carriage would run faster than 
we wish, we have two drags attached to the hind wheels, and with the foot 
we press on one drag or on both, as it may be required, and by that means 
regulate the velocity of the carriage." 

<« Does not that stop the motion of the wheel ?" — '' No, it does not 
prevent the wheel revolving." 

'* How is the drag applied ?" — ** It is a kind of iron band or strap which 
goes round a portion of the tire of the wheel, and our power of breaking is 
multiplied by leven to a very great extent." 

** How often do you find it necessary to clean your boiler ?" — " We have 
never found it necessary to dean it yet; it has been in operation more than 
twelve months." 
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" Do yott conceive that it is owing to'the peculiar quality of the water^ or 
that under any circumstances that would happen ?" — " We have had water 
of every description." 

" Is there no incrustation upon it ?" — " Not the slightest." 

^' Supposing there were incrustation upon it, would it be difficult to dean 
it, and would that require an engineer?" — *' It would merely require a 
common labourer to clean the boiler, which might be done by removing 
some plugs that communicate with each of the cylinders of which the boiler 
is composed, and when required may be done with a scraper or wire-brush." 

^' What becomes of the carbonate of lime and the sulphate of lime, and so 
on, which are in solution in different waters?" — *' Every time after we have 
arrived at our journey's end, we open a cock conununicating with the bottom 
of the boiler ; perhaps we do not give the matter time enough to rest ; it is 
all blown out at the pressure of 240 lbs. on the square inch." 

" Have you ever had your boilers rent ?" — ** No, we have never had an 
instance in which the boiler has given way in any part of it, and in several 
instances we have had it red hot." 

** Of what material is it formed ?"^" Of the best charcoal iron." 

" Have you ever tried it by pressure ?" — *' I proved the boiler before it 
was put into the steam-carriage at 364 lbs. on the square inch; it will 
support 740 lbs. on the square inch." 

*' At what pressure do you work ?" — ** We usually work it on the road at 
a pressure between 240 and 260, finding that pressure more economical than 
any other." 

" What is the thickness of the iron ? " — " About one-tenth of an inch : 
thin boilers last longer in proportion than thick ones, because the heat 
sooner passes through into the water, and has not time to act upon the 



iron." 



** For what period do you conceive that it is calculated to last ?" — " From 
having had twelve months' experience, I should say it would last very well 
two years and a half." 

** During what portion of the twelvemonth was the engine in actual opcr 
ration?" — ** It has not. been in constant operation every day; but we have 
been in the habit of going out four days out of six, and working from eight 
in the morning till seven or eight o'clock at night ; the boiler is not at all 
injured, it is in the same state in which it was when first put into the vehicle ; 
neither have we had any accident with the machinery, contrary to the 
opinion of almost every engineer who saw the vehicle before it left London ; 
the vibration or jar being much less on common roads than on a rail-way, 
and the whole of our machinery being suspended on springs ; the engines 
work as smoothly as if they were fixed on the firmest foimdalion." 

"Where are the passengers placed, in reference to the boiler?"—" They are 
placed in front and in the middle of the vehicle, and the boiler is entirely 
behind the body of the carriage and the passengers." 

You are frequently in the habit of passing horses ?"— " Yes." 
Do you find that they are frightened?" — " I have occasionally observed 
them shy, as they sometimes do at a wheelbarrow ; but we never had any 
accident from horses being alarmed." 
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" Is there a peculiar noise attends the motion of your engine?'* — ''The 
noise is not so great as in a vehicle drawn hy horses." 

*' It has heen stated to the committee, that in some steam-carriages 
actually in operation there is a very peculiar noise from the escape of the 
steam ; from whence does that proceed ?" — " It proceeds in one carriage, 
which I have seen running along the roads, from the steam being blown in at 
the bottom part of the chimney of the furnace, at a distance very near to the 
open air." 

** That may be obviated by a different sort of chimney, may it not ?" — 
" No doubt it may." 

** You are aware that that principle is one of the most important principles 
which has been introduced into the working by steam ?" — " I am quite aware, 
that on the Liverpool and Manchester rail-way that is the principle they 
have adopted with some success. We have produced the same effect by 
another, and I think better means." 

" Will you state by what means you produce that effect ?" — " Instead of 
blowing our waste steam into the chimney, in order to produce a draught, we 
have a fan or blowing-machine, which is driven by the engines when in ope- 
ration, and this gives us intensity of heat in the furnace. The waste steam 
from our engines goes into a double casing round the furnace ; we admit a 
small portion imdemeath the fire-bars of the grate, and the remainder is 
allowed to expand itself into the double casing, after which it comes over the 
top of the fire, and escapes in the form of invisible vapour." 

*' Then in fact you arrive at the same result, but with this difference, that 
you increase the draught of the fire by using a certain quantity of the power 
of your engine, whilst those who introduce the steam into the chimney 
increase the draught by a power which you throw away ?" — *' We have tried 
it in both ways, but we find this the most advantageous, because in those 
carriages in which the steam is driven into the chimney to produce a draught, 
the aperture is so much diminished, in order to produce velocity of current 
and corresponding increase of draught, that the waste steam is choked in 
escaping from the engines, and produces a greater loss of power than by 
working the fan." 

" What distance did you travel on that ascent ?** — " The hill is about 200 
yards long." 

•' In what space can you turn on a road ?" — " We have frequently turned 
entirely round on the London-road leading from Southampton, in the space 
in which a post-chaise can turn, or rather less." 

" Supposing you were travelling at the rate of ten miles an hour on a level 
road, in what niunber of feet do you suppose you should be able to stop your 
carriage entirely ?" — " We should be able to stop the vehicle in the space of 
twelve feet; I have ascertained this from experiment : when we were descend- 
ing Staines-bridge, which is very steep, one of the crowd fell down in front 
of the vehicle, very near the vehicle ; we immediately reversed the action of 
the engines, and the man escaped without any injury." 

*' When you state that you can stop in twelve feet, is that by reversing the 
action of the engines ?" — *' No ; by merely shutting off the communication 
between the boiler and the engines." 
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*' Bat supposing you were in such dtuation that U vould be requisite to 
stop in a much shorter distance^ could you do it inatantaneously by vevesaag. 
the engine ?" — " We could certainly stop in the space of U^ree feet by re- 
versing the engines ; but it would not be prudent to dp so in less, as it might 
endanger the lives of the persons on the vehicle by their b^ng pitched or 
thrown forward.'* 

" What is the. horserpower of your engini), according to the oosunon 
modes of calculation by engineers V — " About twenty horse-power.'* 

*' What do you think ought to be the breadUi of the tire <d a steam- 
carriage calculated to convey sixteen passengers ?" — " Three inchea." 

*' What do you think should be the breadth of the tire of a carnage 
calculated to qq;ivey tweQty-four passengers ?"— "Not less than four inches, 
probal^ly itmay.b^ found advantageous to make the tire wider than that in 
practice; I think it. probably will." 



Mr. Gibbs, in the early part of the year 1831, obtained a 
patent for a boiler with ft descending flue, for the purpose of 
economising fuel. He also has built a steam-carriage, and 
adapted his new boiler to it. The boiler is 5 J feet from the top 
to the bottom, and 1| feet diameter. It is placed verjdcally at 
the hinder part of the carris^e. Th^ fire is made withip a fpot 
and a half of the top of the boiler, and the flue descends spirally 
through the water below the fire-place ; and is at its extreme 
end as cool as 100°. The fire is urged by a blast. With this 
he has in his experiments required 80 gallons of water per hour^ 
and only used 80 pounds of good cqke. 

It. has been shown that &om all high-pressure puffing steam- 
engines there is a loss of heat. The waste steam blown away, 
is so much heat driven oflf unapplied ; and the source of power 
being heat, such is consequently a great loss of power. In 
stationary engines, part of this loss is easily avoided by condens- 
ing the steam with cpld water, and returning it in the stat^ of 
water to the boiler. The water thus pumped back being par- 
tially heated, does not require as much fuel to form it into steam 
as cold water requires. The condensing water would add, how- 
ever, a weight to the carriage which would be more expensive 
than useful. A means was tried with considerable success by- 
Mr. D. Gorclon, for his locomotive carriage above described. 
At the side of the carriage-body he attached a condenser, which 
was kept cool by evaporation. The waste steam fi*om the engine 
was blown into a horizontal tin tube, 5 1 feet long, and 5 or 6 
inches diameter, from which 40 vertical pipes of half-inch dia- 
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meter proceeded to another horizontal tin tiibe, of dimensions 
the satne as the lai'ge tube. Amongst the vertical pipes, and 
closely in contact with them, several folds of hair-cloth were 
entwined. Upon this hair-cloth, water was allowed to drop at 
Tarious places^ which, evaporating by the breeze, condensed the 
steam, and the hot water was returned to the boUer. A breeze 
sufficient for the evaporation is almost always to be had in 
locomotive carriages, which create a breeze for themselves. 

Mr. Trevethick described to the Committee of the House of 
Commons, a plan he had in view for constructing a safe boiler 
and a good condeni^r. (See Report, p. 66.) 

** I have made an entire new engine, both in principle and arrangements ; 
the fire-place, boiler, and condenser, are farmed of six wrought-iron tubes, 
standing perpendicular on their ends, encircled the one within the other for 
the purpose of safety, and to occupy little room, also for keeping the boiler 
to one constant gauge, with fine distilled water, permanently working with- 
out loss, by condensing the steam and never sufiering it to escape out of the 
engine, but returning it from the condenser back again into the boiler every 
stroke of the engine by a force-pump, and where an engine is perfectly tight 
it would work for ever without a replenish of water; but to supply leaks a 
small evaporating apparatus is used for supplying the deficiency with distilled 
water, which effectually prevents any fluctuation in the height of water in the 
boiler or collecting sediment, and an impossibility of ever getting the boiler 
red hot, there being no space for the water to fly to out of the boiler but into 
the condenser; and this is so small, that if by any means the force-pump did 
not rettira the water regulatiy from the condenser to the boiler, the space in 
the condenser, by taking one inch in depth of water out of the boiler, would 
fill and glut the condenser so, that the engine would stand still, and, as the 
water cannot diminish, it does not require a large quantity of water, or water 
space in the boiler, so necessary in other engines, to guard against fluctuation 
in the feed, and prevent the boHer becoming red hot. The boiler being con- 
siderably less, the strength and room will be increased, and, never getting 
hot, the engine might be worked with much higher steam. My engine to be 
one hundred horse-power, to raise sufficient steam, the fire-tube must be three 
feet diameter, which would give the boiler a diameter of three feet eight 
inches, and that a half-inch thick, according to the theory of the strength of 
iron, would sustain a pressure of 1,736 pounds to the inch, which is four 
times as great as the gas-holders are charged with, and thirty-two times the 
pressure that the high-pressure engines work with at present, which is still 
farther proof that the explosions have been solely occasioned by the boilers 
being under water gauge, and heated red hot. If after boilers have been 
forced on their trial by a cold-water pressure, to stand ten times the pressure 
that they are to be worked at, and a boiler shoidd happen to explode, the 
shock would be first received by the next surrounding tube, and so on for 
six successive surrounding: tubes ; each space between the tubes would admit 
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the steam to escape gently up the chimney without hann, and the outside 
tube that ^circles the whole might be made of three-quarters of an inch 
thick, so that it would put injury from explosion beyond possibility.'' 

Several schemes have been tried for locomotion, by means of 
men^s power working-wheels, treadles, levers, or oars. But firdm 
experience in the velocipede, proposed for homo-locomotion^ 
and extensively used as an instrumient of exercise and amuse- 
ment thirteen years ago, the most admirable contrivance of the 
kind ever exhibited, it was found that a man, ^' sound in wind 
and limb," could walk or run five miles on his feet with greatly 
less labour than he could wheel himself the same distance on a 
velocipede. The inexplicable vital principle bestowed by the 
omnipotent God upon his creatures, cannot be superseded by 
man's utmost knowledge in mechanical science : and expe- 
rienced mechanicians have for long abandoned the attempt. 

The boilers described as having stood the test of actual and 
continued use, for locomotion, are the old high-pressure boiler of 
Mr. Trevethick, with its modifications ; the tubular boiler of Mr. 
Gumey ; the laminated boiler of Mr. Hancock ; and the boiler, 
with tubular Jlues^ of Messrs. Stevenson and Co. And in pro- 
posing an extensive adoption of elemental power for locomotive 
purposes, it may be well to give some comparison of their 
safety. In Mr. Trevethick's old boiler no attempt is made to 
introduce a tubular construction for the purposes of safety; 
neither does there appear any in Messrs. Stevenson and Co.'s, 
for the tubular flues of the latter are resorted to, in order to 
obtain an increase of heating surface in a small space. 

The duration of boilers is a matter of great moment, and in 
this particular Stevenson and Co.'s are less valuable than Gur- 
ney's. The chemical deposit called fiir, is with difficulty cleaned 
out, and if not thoroughly cleaned out, the heat firom the fire- 
place and flues is not transmitted to the water with sufficient 
rapidity, and hence a deterioration of the boiler. A remarkable 
instance of one boiler lasting longer than another was mentioned 
by Mr. Thorold, to the institution of engineers. He had under 
his eye two boilers constructed at the same time. The cross 
section of one was a circle, and the cross section of the other was 
of a crescent-shape, with the horns downward. In the cavities 
of the horns, or legs of the latter, which rested on the brick-work 
of the fiimace, the fur and mud collected so readily that the 
water could not carry off the heat from the fire with sufficient 
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rapidity. These legs of the crescent-shaped boiler consequently 
became red hot, and in three weeks the boiler was useless. 
Whilst the boiler first-mentioned, whose cross section was com- 
pletely circular, had worked for nine years and a half^ without 
repair, and the engine during that time was uninterrupted in its 
working except for the purpose of cleaning. It is an error to 
suppose that the deposit can be blown off with the water like as 
much muddy water : so much of it as is composed of mud may 
be god rid of, by blowing off, but the chemical deposit of fur 
requires to be chipped off. The owners of tubular boilers have 
got rid of this far partially, in consequence of another evil ; 
the boiler, when red hot, casts scales of fur, which are blown out 
sometimes with the mud. But such a remedy is as bad as the 
disease. It will be seen that Mr. Gumey, by removing the plugs 
at the comers of his tubes, can chip and rake out the far. The 
plugs on the tubes, and the flaiinches on the larger chambers, 
giving the most perfect facility for so doing. 

The perfect safety of Mr. Hancock's and of Mr. Gumey's 
boilers will be seen at once, by reference to Plates X and XI. 

Upon the comparative merits of these boilers, Mr. Farey says, 
(Report, p. 41) : — 

'^ There have been^ for several years past, a number of locomotive- 
engines in constant use on rail-ways, all of them having large high-pressure 
boilers, very much more dangerous than Mr. Gurney's or Mr. Hancock's, 
whether we consider the probability of explosion, or the consequences likely 
to foUow an explosion, because being of large diameters they are less capa- 
ble of sustaining the internal pressure of the steam, and also they contain 
a laige stock of confined steam and hot water. The instances of explosion 
among those locomotive-engines have been very rare indeed." 

'^ If Mr. Hancock's boiler were to explode, it is xmderstood that there 
-would be no danger at all?" — *' It is very diificult to foresee that ; at the 
same time the risk of explosion in Mr. Hancock's boiler is certainly very 
much less than in the locomotive boilers, which are in constant use on a 
large scale on rail-ways, and where we have proof that the extent of the 
danger is very small." 

** Do you think his boiler might explode without the passengers knowing 
any thing about it ?" — '* The metal plates of which the boiler is composed 
will burn through by the continuance of the action of the fire, and may 
crack or open so as to let the steam or water out of the boiler and disable 
the coach from proceeding, but that is hardly to be called an explosion ; no 
one would be hurt ; the crack which lets out the hot water is sure to throw 
it into the fire in that case, and not on the passengers." 

** You consider the danger to passengers by the chance of bursting of 
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a boiler as not equivalent to the danger of hones nmning away V* — ** It iff 
not equivalent in mj opinion ; the probability of a coach being overturned by 
the horses is far greater than that of a bcnler bursting, and when either 
accident does occur^ the probable extent of mischief from an overturn in 
which all the passengers must participate, is much greater than could be 
expected from ^e buisting of a boiler, which must always be k^ at a con- 
siderable distance from the passengera on account of the heat.'' 

*' Supposing either Mr. Hancock's or Mr, Gumey's boiler were to burst; 
in the one case the boiler being in a separate carriage, and in the other, 
the boiler being at a considerable distance behind the passengers, what 
danger do you think could arise to the passengers from the bursting of 
the boiler?" — ''There is very little difference between the two easoB; 
the separate carriage obviates any appr^ension that passengers eoUld 
entertain from. the danger of explosion, and wiU therefore be prefeihred by 
most passengers, but for myself I do not rate that risk so high as to be 
induced to encounter the complexity of the two carriages, and to forego 
some of that new security which steam power offers by its controllability in 
descending hills and turning comers, compared with horses ; and in which 
circumstance, as I have before stated, I think the plan of one carriage is much 
to be preferred, and probably the other objections of heat and noise and dtst 
may be overcome by some new means, which have not yet been shown." 

*' Is not the danger attendant on the bursting the boiler greatly dimi- 
nished by the subdivision of its internal capacity into tubes or small and 
flattened chambers V — " Unquestionably, until the danger of explosion has 
become exceedingly small; but the great difficulty of boilers for steam- 
coaches is, that the liability to bum through the plates has been increased by 
that expedient for ensuring safety; and the process of the invention has 
been impeded betweoi those two difficulties in a greater degree than from - 
any other circumstance. It was a desideratum for a long time to contrive a > 
boiler^ which being made of such thin metal, as would not render it too * 
heavy, should have sufficient strength to retain high-pressure steam without 
danger of bursting ; also .that it should expose a sufficient external surface of 
metal to thefbre and flame, and of internal surface to the contained water, to 
enable the required quantityiof steam to be produced from such a eoi^ body 
of water as could be carried on account* of the weight ; both these conditions 
were fulfilled by subdividing, the contained water into small tubes or into 
flat chamibers, which expose a great surface in proportion to their internal 
capacity, and admit of being made strong with thin metal ; but there is also 
another condition which is rather incompatible with the two former, vis. 
that there shall be such a very free communication between the interior 
capacities of all the tubes or narrow spaces, as will combine them all into 
one capacity, and permit the contained water to ruff from one to anothw, 
and also permit the steam, which is generated in innumerable smaU bubbles 
within the narrow spaces, to get freely away from them> to go to the engines 
without accumulating and collecting into such large bubbles as would occupy 
the spaces and diiq)lace or drive out. the water before them; for if that 
effisct takes place it produces three great evils ; the water boils over into the 

engines along with the steam and is wasted, and the thin metal which re- 
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vomfi ezpof^ ajb U^ outside to t^e fire becoo^ef burmng hot ia an instant, 
after tbe wat^r:is:8a dr^en away from the internal surface^ and the further 
prodnclion oi sAeam i^. suspended, so long as the wai^r continuea absent. 
If 8ui;h di^plfui^ment^of the wat^ takea place fr^uently,. and in many of the 
narrow spaces at once, the boiler will not produce its proper quantity of 
steam, and the. t^iiu; metal will soon l^ destroyed by the fire and, bumed 
tiuough.'' 

*^ Have yops s^^n lifr.. HiincQ^k's boiler ?"— '* Yee ; I have had msmy 
trials of it; ai^djl ani.well acquainted ^ith Me. (Sumey's; the foim^uses^ 
flat chambers of thin iron plate standing edgewaya upwards over the firei in 
plM!]a)lel vertipal planes ; the 1(M^ uses small, t^ibea (such as gun-barrels are 
made of) to contain the water, the. fire being applied on the outsidesiofthe 
tubes* In Mr* Gunny's boiler I think the subdiyi^ion of the water into 
small spaces. i«^ oanied too far, b^caus^ the st^amr cannot gej; fretely.away out* 
of^ such small tubes as he usee (and* they are al$o.o|'great,length) withc^t 
displacing much of wat^ which oi]|ghtralTifays tp.be contained within them* 
By an ingenious, arrapgemcint of connecting pipei^ and vess^ which he 
called separators, he coUectfr a)l the wat^r which ia so. displaced along: with 
the steam, and retarns it again into the lower ends of the same tubes^^and. 
thus avoids the ^vil of water boiling oyw. into.tbeengines^; but tha^ msjs^s^ 
only a partial remedy for the diminished i»*pduc;ti<m od stt^am, which is 
attendant on the absenoe of the water from the heated tubes, and. the.: still' 
greater mischief of. burning and d$$|trpyiiig the n^etal. Hence.. the. evil: of 
burning out the tubes is very great. Also his jseparators h^ a comsiderable. 
weight of water, froni wbi^ no steam is generated ; : and they require to be. 
l^eavy in inetal, to render them quite, safe and strong.. Mr. Hancock haa 
taken the middle course in subdividing the water in hU boiler, . having all. 
that can be required for safety, and the weight I believe, on the;whole^ to be . 
1«!SS than that of any other boiler which will produce. the saxne; power of 
steam; for, ownig to the freedom 'vnth which the. steam can.giet away in 
bubbles from, th^ water without carrying, water with it, th^ surface of the; 
heated meta). is never l^ft without water. Hence a ^ g^reater effect of/ IxHLing 
is attained from a i^ven sm^fapB of metal and body of contained. ^ water> and » 
that with a much greater d^rabi^ty of the metal [^ates, than I: think will' 
ever he obtained with small tubes." 

''Do yoix think there is a danger of such a&^expleflion as couldtdo ii^ury 
from the mode. in which Mr. Hancock^s boilers are constructed?'^ — ''That 
danger I hold to be very slight ; the metal of Mr. Hancock's chambers .will . 
bum through in time, the same as that of Mr. Gumey'« tubes wiU do,, but 
not so soon ; I think, taking the thickness of metal to be the same jn both . 
cases, no injury will be done, by such burning through. The flat chambers 
in Mr. Hancock's boiler are very judiciously, combined, and aie secured 
against bursting, by causing the pressure which tends to burst each one open 
to be counteracted by the corresponding pressure of the neighbouring- cham- 
ber ; and the outside chambers are secured by six bolts <^ prodigious strength, 
which pass through all the chambers, and unite them all together so firmly 
that I see no probability of an explosion. Mr. Gumey's vessels, called 
Separators, are secured by hoops round them, and being of a small size, may 
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be made verjr safe. Hence I think the two boilers may be put on a par as to 
their security ; but there is a decided preference in my opinion of Mr. Han- 
cock's form of subdividing the water and steam compartments, which I 
believe is carried too far in Mr. Gumey's tubes, whereby the water, included 
within the seycral tabes, cannot make way to allow the bubbles of steam to 
pass by it. This is owmg to the great length and the small bore of the tubes ; 
and they are so isolated one from another, that the water within them is not 
able to act as a common stock of water, or to keep all the interior surfaces of 
the metal tubes thoroughly supplied with water : thence there is a deficient 
production of steam and an unnecessary destruction of metal.'' 

^' Are you aware that, in Mr. Hancock's carriage, the waste steam which 
is discharged from the engines after having performed its office is thrown 
into the fire-place, and makes its escape upwards along with the flame, smoke 
and heated air, and gas, which ascend from the fire to act on the boiler ?" — 
'^ That is the way in which he gets rid of the Waste steam which the engines 
discharge, and I understand that he thereby avoids the puffing noise and 
appearance of steam which is common with high-pressure engines. Mr. 
Hancock blows the fire with a current of air, produced by a similar fiEmner, 
which is turned rapidly round by the engines, and therefore he requires no 
tall chinmey to produce a draft. Mr. Gumey formerly used a singular fanner 
to blow the fire, and also a chimney of some height ; but I understand he 
has lately laid it aside, and adopted the plan of carrying the waste steam 
which has passed through the engines into the bottom of the upright chim- 
ney, and there discharging that steam through a contracted orifice in a verti- 
cal jet, which, by rising upwards with great velocity in the centre of the 
chimney tube, gives a vast increase to the draft of heated air and smoke in 
the chimney tube, without any great height being necessary ; and this plan 
occasions a most active current of fresh air to pass up through the fire, and 
urge the combustion. This is a most important improvement in locomotive 
engines, which has been introduced by Mr. Stephenson into his engines on 
the Liverpool and Manchester Bail-way, and being there combined with an 
improved boiler, it has been one of the great causes of the brilliant success of 
that undertaking. I believe the same plan will be indispensable to the com- 
plete success of steam-carriages; for chimneys cannot be used high enough 
to obtain a draft, and blowing the fire is a very troublesome affiur. I fear 
Mr. Stephenson's plan would occasion more noise than is allowable on com- 
mon roads ; but that may perhaps be avoided or diminished by some new 
expedient." * * * * * * 

" The waste steam was very commonly discharged into the bottom of the 
chimney, in Trevethick's high-pressure engines, many years ago, in order to 
mix with the smoke ascending in the chimney, and thus get rid of the waste 
steam ; it improved the draft in that way, by rendering the smoke more 
buoyant, but only in a slight degree ; but the waste steam was not discharged 
through a contracted orifice to give it velocity, nor was it directed upwards 
as is now done by Mr. Stephenson ; and that vertical jet of steam in the 
centre of the chimney gives such an intensity of draft through the fire as 
was never procured before, and with the further advantage that the rapidity 
of draft BO produced increases whenever the engines work faster, and dis- 
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charge more steam^ just in proportion as the demand for fire and steam 
increases by that working faster." 

" Is there any noise occasioned in that way V — " Yes ; but the sound is 
directed upwards by the chimney, and is not much heard in the locomotive 
engines on the rail-way when they are in the open air, but when they pass 
under the bridges, the sound is reverberated down again by the arch, and 
then it sounds very loud. The noise is of no great consequence there, and no 
particular pains have been taken to avoid it. The metal pipe of the chimney 
has something of the effect of an organ-pipe or trumpet, but it is probable 
the sound might be deadened." 

^* Will the burning out of the plates of Mr. Hancock's boiler, that you 
spoke of, be attended with risk of explosion of tbe whole boiler, or only of the 
smaller divisions of the boiler V — " It will be attended with no violence 
-which could be called an explosion, nor with any danger whatever, but only 
with the inconvenience of disabling the carriage imtil the ruptured chamber 
is replaced by another. The rupture or crack of the metal-plate at the burned 
place would let out the water and steam very gradually into the fire, and 
probably extinguish it. All steam-boilers bum out in that manner sooner or 
later." 

This opinion of the comparative value given by an engineer, 
of acknowledged talent and great practice, particularly in steam- 
power, must however be a little qualified by the fact of his not 
having minutely inspected Mr, Gumey's boiler for a very long 
period, perhaps three years. 

The report of Mr. Crawshay, of Cyfarthfa iron-works, to Sir 
Chai'les Dance, gives a view of Mr. Gumey's boiler and loco- 
motive engine on the rail-road at Hirwain, which confirms me 
more strongly in the belief that his boiler is the best yet con- 
structed for locomotive purposes. My opinion was, however, 
previously formed, in consequence of long experience with four 
of these boilers, in three distinct pieces of machinery under my 
management. In one of these works I had one of his boilers 
constantly under my eye for two years. Our difficulties lay in 
the length of the pipes, which were apt to choke up with fur. 
Since that time various improvements have been made, and the 
result is exhibited in the constant and steady work of the 
locomotive-carriages at Gloucester, and the said recent report of 
Mr. Crawshay, viz. : 

'' Cyfarthfa Iron Works, 23rf Feb. 1832. 

" The favourable opinion entertained by my engineer and 
myself of the tubular boiler (Mr. Gumey's), over every other 
we have yet seen, not only remains unshaken, but is strength- 
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ened and confirmed by eighteen nronths constant use, and 
observation of it on our own road; and also by all we can 
collect from other testimony, of what is doing elsewhere in this 
neighbourhood with boilers of other description. The ease and 
economy of first construction ; the fecility of repair when re- 
quired ; the extreme lightness ; the great capacity for raising 
steamy and the perfect freedom from danger of the tubular 
boiler, all render it, in our opinions, pre-eminently adapted to 
locomotive- engines ; and I hope in the course of a few months 
to apply it to engines and carriages suited to rail-roads and 
heavy work so successfully, as to render the advantage of steam* 
power over that of horses still greater than it now is. As, how- 
ever, facts of past performances of any kind are riioire satisfac- 
tory than anticipations of the future, t beg to state to you, that 
in the past twelve months, between the 1st day of January, 
1831, and the 1st day of January, 1832, the locomotive-engine 
which I bought of Mr. Gumey, weighing only thirty-five hun- 
dred weight, including every thing whatever belonging to it, 
with water and fuel in a working state, conveyed 42,800 tons of 
coal, iron-stone, and iron, exclusive of the carriages on which 
they were drawn, the distance of two and a half miles upon 
our raU-road at Hirwain, in journeys of from twenty to th^r 
tons, as suited our convenience ; during which time, the entire 
consumption of coal was 290 tons, which at 3^. per ton amounts 
to 442. 17^. The wages of the engineer 522., and those of the 
boy 16/. 12*., together, exclusive of the trifling repair of the 
engine, and the oil and other little matters required for its use, 
112L 98.y or less than one farthing per ton per mile, for the 
goods conveyed ; and I must not omit to observe to you, that 
had there been nearly double the work to do on this road, the 
engine would have done it vrith little or no increased expense, 
as she was invariably working idle for the purpose of keeping 
the boiler flill, about one-half of her time. 

*^ You are sufficiently acquainted with the experience of 
horse-power, to render any comparison 6n my part unnecessary; 
but from the observation I have been enabled to make, in con- 
trasting horse-power with that of steam on the same road, I 
should certainly consider that the average of horse-power, com- 
pared with that of steam, under the most improved application, 
is in point of expense as twenty or even thirty to one ; inde- 
pendently of many other valuable considerations in favour of 
13 
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that of steam, known only to those who have large and expen- 
sive stable-establishments, in which valuable horses, after sus- 
taining hard work all day, are exposed to the negligence, 
roguery, and ignorance of hawliers, horsekeepers, and farriers; 
while the engine, having completed her day's work, may be left 
without anxiety as to the attention of any of these notoriously 
troublesome persons until again called into use. 

^^ I consider that the unprecedented depression of the iron 
trade, and the late disturbances in South Wales, have much 
impeded the further introduction, use, and improvement, of 
locomotive-engines in this part of the country ; and it is a mat- 
ter much to be regretted, that more talent, competition, and 
energy, are not at this moment excited every where in the fur- 
therance of so great a national advantage, as the substitution of 
the cheaper power of steam, wherever practicahlcy for that of 
horses. 

(Signed) ^^ WILLIAM CRAWSHAY." 



CHAPTER IV. 



THE ROADS UPON WHICH STEAM-CARRIAGES MAY BE 

MADE TO TRAVEL. 



We introduce this chapter with an anecdote which, we doubt 
not, is familiar to many of our readers, and which, without wish- 
ing to appear ill-natured, is so descriptive of the conduct of 
several scientific men with whom steam-carriage projectors have 
to deal, so apt to our purpose, that we cannot pass it by. 
Once upon a time — we like this old school-boy-tale-method of 
opening a subject; there is something racy in the very smack of 
it Once upon a time, a laughter-loving monarch proposed to 
the philosophers, projectors, wise men, and civil engineers of his 
court, with a gravity becoming the importance and intricacy of 
the matter, the following problem : — ^^ Take a globe of any given 
dimensions, fill it with water, and then put a gold fish into it, how 
does it come to pass, that by doing so you neither cause the water 
to overflow, nor increase the specific gravity of the globe and its 
contents ?" Here was a puzzler to be sure ! The whole con- 
clave were thrown upon their beam-ends, and to resolve the 
difficulty became a subject of almost national concern. Then 
there was such a laying of heads together ! and learned descant- 
ings, philosophic disputations, and theories, were broached in 
support of it — all of them most weighty, ingenious, and deep. 
Each party sported 
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Speculations wM, 



Amd visionary theories absurd ; 
Prodigiously^ deliriously absurd. 
Compared with which, the most erroneous flight 
That poet ever took when warm with wine. 
Was moderate conjecturing." 
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Each opposing stoutly the opinion of the other. At length an 
individual of the number, more sceptical and less credulous than 
his associates, suggested the propriety of putting the matter to 
the proof. The bubble burst, and the fact, encumbered as it 
was with a load of theoretical supports, showed the gravity to 
be + the gold fish. These philosophers were nonplussed, and 
the king had his laugh ; but the result should have proved a 
warning to all sapient fraternities to the end of time. It finds, 
however, a curious and ludicrous application in the present day. 
The non-possibility of steam-carriages ascending a hill is the 
fish in the bottle with many of the wise men, philosophers, and 
mechanicians. They have met often, and discussed long, and 
talked learnedly, and descanted philosophically, and endea- 
voured to make out the non-possibility of it by all manner of 
arguments and means. But the fact outlives their reasonings, 
and the possibility of the thing proved experimentally ^ rests 
upon a plain practically demonstrated basis. 

But to return to the evidence before the Committee we find 
that Mr. Farey, who is by no means solitary in his opinion, 
when asked by the Committee, if he had ever seen a steam- 
carriage going down hill, says, " Yes.'' (Report, p. 60.) 

** But I do not contemplate the descent of steam-coaches down very steep 
hills^ for that supposes their getting up such hills, which is not likely to be 
accomplished soon, and the present coaches seem to me to he only fit for our 
most improved lines of roads, where all very steep hills have been reduced to 
moderate slopes.'^ 

** Have you turned your attention particularly to the subject of going up 
steep hills, and what ascent do you think can be surmounted V — *' In form- 
ing my opinion of the probability that steam-carriages will be brought to 
bear, I could not overlook the circumstance that they would have to go up 
and down hills ; but most of our great lines of roads are now so improved, 
that what were formerly called steep hills, are not very numerous or frequent ; 
but wherever they do occur, I propose to give the steam-coach the assistance 
of a pair of post-horses in aid of its own power. In going down hill, steam- 
coaches are very safe, because the whole power can be effectually exerted to 
retard or resist the tiuning of the wheels." 

** Mr. Gnmey's steam-coach has gone up Highgate Hill without horses ?" 
-*-'' Yes, but I understand that it was broken to pieces in coming down 
again*.** 



1 This breakage in coming down hill has certainly nothing to do with going 
up hill. It may be seen from the few lines previous, that Mr. F. says, ** In 
going down hiU steam-coaches are very safe.** But to put this breakage in 
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*' Do you think there is any danger in going down a hill in a steam-car- 
riage ?'' — ** Much less than in a common stage-coach ; for by backing the 
engines^ so that their power is brought to act in opposition to the turning 
round of the wheels^ and with the assistance of drags, or brakes, rub on 
the rims of the wheels, and aid in retarding their motion by friction, steam- 
coaches will safely get down all moderate hills, such as are met with on our 
best lines of turnpike-roads, say between London and Holyhead ; and with 
machinery such as Mr. Hancock is now making, if it is suitably prc^itioned, 
I expect a steam-coach would not require assistance to get up hill at more 
than five or six places between London and Holyhead." 

*' Stanmore and Highgate Hill you call moderate hills V*—** Not the old 
Highgate Hill ; but the Archway is a very fair road, on which a steam-coach 
should not feel the least difficulty. I do not call those moderate hills which 
are common on the roads in many parts of Devonshire and Cornwall ; it 
will be a long time before steam-coaches will be able to travel there ; and 
the goodness of the roads is to be considered as well as the slope. No steam- 
coach that I have seen possesses that strength and weight of machinery 
which, being on the present construction, will enable it to get up even a 
moderate hill without risk of breaking ; for though it may climb up the hill 
by accumulating the strength of the steam, the parts have not been made 
strong enough to resist the strain to^ which they are then subjected, if they 
were frequently used; and if the work were made, on the present plan, 
strong enough to endure the extra strain of getting up a steep hill with 
safety, there would be too much weight of machinery for travelling on the 
ordmary road.'* 

** Can they ascend a hiU so steep as one in eighteen?" — " That* I think 
is too much for them, without the aid of horses, unless the surface of the 
road were of the very best quality; but such hills are usually bad roads." 

'* Are they competent to ascend such a hill as St. James's Street?" — " I 
have not a very particular recollection of the slope of that hill, but I believe it is 
paved, and 1 think that it would be about their maximum ; for a great deal 
would depend upon the surface of the road : they would go up all the length of 
Regent Street, which is, I expect, almost as steep as St. James's, but it is a 



its proper light, I may state, that this occurred five years ago ! shortly after 
Mr. Gurney had proved that steam-carriages could go up hill. 0^ that 
occasion, the carriage was coming down Highgate Hill ^* without any drag 
to it ; it became difficultly manageable, ran against a stone, and was upset" — 
not " broken to pieces,'* 

1 This will not be much tor surmoimt when Mr. Crawshay's letter, p. 71, 
has been read, wherein he says, an ascent of one in eight was travelled up 
by Gumey's engine. I have been propelled up Stanmore (old) Hill, and 
many others, and know that they were surmounted with ease. Stanmore 
Hill is not a short hill, but a very long hUl, rising two inches and a half in 
the yard, and in some places three inches in the yard, or one in twelve ; and 
although this is not the steepest ascent I have travelled by steam, the 
length of the hill is such as to render the fact more valuable. 
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better surfiuse ; and I think they should go up any good road not ezceecBng 
a rise of one in thirty ; and if more inclined, or if the road is bad, they should 
be allowed one or two horses/' 

Mr. John M'Neil, engineer, Daventry, whose sound evidence 
will be read with much satisfaction, gives a very favourable 
view of the power of steam-carriages to go up hill. (Report, 
p. 102 and 103.) 

** Do you think it would be necessary to make any alteration in the form 
of the present line of turnpike-road for the facility of working by steam?" — 
'^ I do not think it would be absolutely necessary ; it would, however, be of 
great benefit to the country, and every person in it, if the hiUs on the pre- 
sent lines of road were more reduced, and the surface strengthened ; no road 
should have a greater ascent than one in thirty, or one in thirty-five." 

*' But have you any doubt whatever that steam-carriages can be brought 
into practical use, with great benefit to the public, even on the present lines 
of turnpike-roads V* — ** I am quite convinced they can." 

This gentleman's knowledge of roads, and the action of wheels 
upon them, would have been quite sufficient to convince us 
that such must be the case, even if we had not the most sub- 
stantial proof that it is so. 

The road trustees, we have shown in the last chapter, opposed 
steanwcarriages, fearing that the roads might be injured. Upon 
this point the Committee of the House of Commons were most 
particular in their inquiries. 

Mr. Gumey examined. (Report, p. 23.) 

*' Are the wheels you ordinarily travel with four inches wide on the tire ?" 
— *' From three and a half to four inches." 

** Have you any information to give to the Committee in relation to the 
relative wear of the tire of wheels and the shoes of horses ?" — *' That is a 
new horse-shoe {jprodudng (me\y and this is a shoe, of the same size, worn 
on the streets of London nine days ; the shoe has lost about 18 ounces." 

'* Have you any means of ascertaining how many hours a day it had been 
out ?" — " The horse ran in a cab ; it was out a certain niunber of hours — I 
think, three or four hours each day : the smith was taking off the shoe which 
had been worn, and putting on the other, when I asked him to let me have 
them. The difference between the wear and tear of tires and horse-shoes on 
the roads in the neighbourhood of London, is in the proportion of about 
three-fourths on the shoes, and one-fourth on the tires ; but in London, ovef 
the streets, about seven-eighthtf and one-eighth. I would observe, that on 
rail-roads, where horses draw the carriages, the expense of keeping the horse- 
roads is so great, that the proprietors frequently go to a great expense to 
pave them. From Cheltenham to Gloucester, for instance, and in many 
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other parts of England^ this is the case. I would also call the attention of 
the committee to some parts of London, where the horses and the wheels 
continue to pass over the same ground respectively, as in Wych Street ; and 
I would suhmit the importance of the committee referring to the expense of 
keeping the towing-paths of canals in repair, where only horses, and com- 
paratively few, travel over them. At this moment, those are the only means 
enahling me to speak to the relative wear and tear." 

**Have you used your carriages on pavements ?'*—** Yes; never to run 
continually on pavement, hut to run in and out of towns.'' 

" Do they run easier on pavements than on ordinary roads?" — *' Yes; 
they only take ahout a quarter the power on a pitched pavement ; that is, a 
quarter of the power they would over a gravelled road." 

'' In the progress of this improvement, do you anticipate that it will be 
necessary to adapt some portion of the turnpike-roads to carriages of this 
description, or do you think they can be put into operation on the turnpike- 
roads as they are now existing ?" — '' I think they can. be put into operation 
on the turnpike-roads as they are now existing; I have no doubt at all 
about it." 

** You do not anticipate the necessity of paved roads being made for the 
purposes of those carriages ?" — " As far as economy goes, in the expense of 
power, it may be desirable ; but for the practical application of the steam, it 
is not necessary." 

** Can any proportion be drawn between the friction occasioned by the 
horses' feet and the tire of the wheel ?" — ** I do not see how it is possible 
to do so, unless you take the loss or abrasion of the two metals respectively, 
in a given quantity of work or miles travelled over." 

** Have you any practical experience in the repair of turnpike-roads ?" — 
'< I have had my attention turned to it, connected only with this subject ; I 
have seen the great expense of keeping towing-paths and horse-paths in 
repair ; and I have seen the great expense of keeping the streets in repair, 
where horses alone travel ; and I have seen the great wear and tear of iron 
shoes, when compared with the wheels of carriages." 

** Have you any plan to submit for fixing the tolls on steam-carriages ?" — 
" The plan I should propose would be, if I may be allowed the term, that an 
iron horse, of the same weight as one of flesh and bones, should pay the 
same toll; and taking one horse to weigh 10 cwt., that for every 10 cwt. the 
steam-carriage weighs, it should pay the same toll as one horse pays; 
although I do not admit that the same weight carried on four wheels will do 
as much mischief as on four hoofs. If we take the Turnpike Acts, and look 
at the comparative rate of tolls charged when a horse is drawing and when 
he is not drawing, I shall be, I conceive, borne out in my position." 

" Can you point to any clauses in private biUs which press more than you 
conceive they should on steam-carriages ?" — *' There is one, the Liverpool 
and Frescot Road-Bill, this session, charging a toll per horse-power, which 
it is difficult to determine. My objection to- that is, that if the horse-power 
is taken as the nominal engine horse-power, a steam-coach would have to pay 
2h Ss, where a stage-coach pays only 4«. a toll. The next is the Bathgate, 
near Edinburgh road, where the tolls are on weight, and an engine of three 
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tons (about the nsital weight of a loaded four-horse stage-coach) would have 
to pay 1/. 7*. Id,, when four horses would have to pay 6*. The next is the 
Ashbum and Totness Road-Bill, where 2L would be charged on the steam- 
carriage and the carriage attached, being 5^. on each wheel; four horses at 
the same time would have to pay 3s, The next is the Teignmouth and Daw- 
lish roads ; they are in the proportion of 2*. and 12«." 

**What is the most favourable instance to steam-carriages?" — **The 
Metropolis roads, near London, charge Is, for four horses, and 2s. for the 
steam-carriage and the one drawn. I complain of that because it limits me to 
a particular kind of carriage : I am building one which will not weigh more 
than 5 cwt., and carry only two or three persons, and it would be excessive 
to have to pay 2s ; there is no reduction if it is no bigger than a wheel- 
barrow; being propelled by machinery, it will be charged double." 

" How many private bills have been introduced this session, in which 
Bteam-carriages have been specially taxed ?" — ** I have fifty-four, which I 
now produce ; I understand there are others." 

** Have any of them passed into a law?" — *' Yes, some of them have." 

" In your opinion, what proportion of the tolls should horses and carriages 
be chargeable with ?" — '* Taking the average of the amount of tolls through- 
out the country, it will be found that where a horse pays a penny not draw- 
ing, he pays about three-pence when he is drawing ; in that case, the toll 
upon the coach is nominidly put upon the horse (it says, so many horses 
drawing). Four horses drawing will be a shilling; four horses passing 
through, not drawing, wiU be fourpence : in some cases it is three half-pence 
a horse when not drawing, and sixpence when drawing ; but in general the 
proportions appear to be, three-eighths the toll placed upon the horse, and 
five-eighths upon the carriage; three half-pence a horse not drawing, and six- 
pence drawing, gives three-fourths ; but the mean is about three-eighths and 
five-eighths ; so that the toll is virtually about five-eighths on the carriage, 
and three- eighths on the horse. I have previously stated that I have had 
horses weighed, and found the average about 10 cwt. each horse; therefore, 
if a steam-engine weighs 10 cwt., it should pay only as one horse when it 
passes through not drawing, and as one horse drawing when it has any thing 
attached to it. A 10 cwt. steam-engine cannot propel more than one horse 
can draw ; therefore the weight drawn cannot exceed a certain quantity. If 
the weight of the engine exceeds 10 cwt., and not 20, it should pay as two 
horses ; if it exceeds 20, and not 30, it should pay as three horses ; if 30 cwt., 
and not exceeding 40, it should pay as four horses ; and so on." 

** Practically, horses drawing frequently draw a weight of 30 cwt. ?*'— 
** Yes, sometimes ; but 15 cwt. a horse is the usual weight. I have always 
felt a great anxiety that the weight of the steam-engine should not injure the 
road, and I have felt desirous of not introducing it until it was reduced ; and 
I now cheerfully admit, that if the weight of the locomotive exceeded 60 cwt., 
which is the weight of the present loaded stage-coaches, with the passengers 
and their luggage, there should be a very heavy toll put on them. I would 
also propose, that if my wheels are wider than four inches, the tolls shoidd 
be less ; if they are six inches, then they should be still less ; but taking the 
principle of 10 cwt. of iron and copper to do the work of one horse, and that 
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it should pay the same tollsy and that no weight of steam-carriage should 
be admitted above 60 cwt on the road, I certainly should mya^ be oon- 
tenti and as 1 cannot for a moment imagine that the 10 cwt. ronmng on 
fonr wheels can do so much harm as 10 cwt carried on four feel, the 
interests of turnpike trusts would be fairly preserved by such a scale- of 
tolls." 

'' What is the amount of toll charged between Gloucester and Chelten- 
ham ?"— <' five shillings and sixpence." 

<< What would be chaiged on a four-horse coach ?"— «< Two shiUiDgs and 
eightpenceJ 
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Mr. Farey examined. (Report, p. 45.) 

" Apprehensions have been felt by trustees and surveyors of roads, that 
steam-carriages are more injurious to the roads than carriages of equal 
weights drawn by horses ; what is your opinion upon that point V — " I 
should not apprehend that the present coaches are injurious in a greater 
degree than other carriages of equal weights ; and when steam-coaches are 
really brought to bear, I think they will be much less so than any carriage 
at present in use, taking horses and the carriage they draw against engines 
and the carriage they impel, at weight for weight. All my observation upon 
steam-carriages has led me to believe, that they do no particular harm to the 
road; I could never perceive any peculiar marks that they left in their 
tracks ; and an examination of the iron tire on the edges of the wheels of Mr. 
Hancock's carriage shows evidently that no slipping takes place on the sur- 
face of the road ; and that fauet is proved to a certainty by other observations 
on the working of that carriage. It will be a long time before a sufficient 
number of steam*carriages travel over any road to bring their efiect on the 
materials to the test of experience ; but on general principles I have no hesi- 
tation whatever in stating my opinion, that they never will answer as long 
as they do injure the roads any more than the fair wear occasioned by the 
wheels of other carriages of the same weight : for any injury they might do 
to the road must be by a slipping of their wheels on th^ road, which would 
be a waste of the power of their engines, and hitherto they have had no 
power to spare ; or, if their wheels are too narrow, and they cut deep into 
the road, the power of the engines will be wasted. If they are to be efficiently 
advanced, the whole power must be fairly exerted in advancing them forwards 
along the road, without turning their wheels in vain on the road, or cuttkig 
ruts in the road. I am confident that, if the wheels slip at all on the roads, 
so as to lose motion, or if they penetrate so as to make ruts, those coaches 
will not answer, and the defects must be remedied, or the coaches must be 
given up. I do not mean to affirm whether the present steam-coaches which 
draw other carriages after them do or do not slip on the road, because I have 
not examined them ; but I am of opinion, that for the ultimate successful 
application of steam-power, the carriages must be so constructed that they 
will do less injury to the roads than carriages drawn by horses ; and when- 
ever steam-coaches become common, I thh^ the roads will be most materi- 
ally benefited by the change." 
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" Supposing the total weight of a stage or mail-coach^ dxawn hy four 
horses at ten miles an hour, to be two tons, and the weight of the four horses 
to be two tons, what proportion of the wear of a M'Adam road would you 
expect to be occasioned by the wheds of the coach, supposing them to be 
the usual breadth of stage-coach wheels, and what would be the wear by the 
horses' feet V* — '* It is impossible to fix an accurate proportion for such a 
question as that ; but I have no doubt but that, weight for weight, horses' 
feet do far more, injury to a road than the wheels of a carriage, and particu- 
larly so at quick speeds, because wheels have a roUing action on the materials 
of the road, tending to consolidate, and the horses' feet have a scraping and 
digging action, tending to tear up the materials. One test of the wear by 
horses' feet will be in the wear of towing-paths for canals, and the railway- 
roads where horses are employed ; in either of those cases, the number of 
hoiBes which pass along is so small, that no turnpike-roads afford any exam- 
ple of comparison, and yet the wear of towing «ad raflway paths is found to 
be considerable. The rapid wear of horses' shoes is another test." 

" It has been stated by a previous witness, that the proportion of the wear 
of a M'Adam road, under such circumstances, would be about two-thirds by 
the horses, and one-third by the carriage ; should you think that a fair approxi- 
mation to the truth i" — " I have no means of judging with such precisicm, 
but I have no doubt whatever that, in the case above supposed, the wear by 
the horses' feet would be much greater than the wear by the wheels ; for 
independently of the difference of the action, as before stated, the rapidity 
of the blows wherewith the horses strike down their feet, in stepping quickly, 
wears the road, and they keep their feet pressing on the same spot for a sensi- 
ble time afterwards, which must have a far greater effect on the materials, 
to wear and loosen them, than the comparatively progressive rolling of the 
wheels over the road, because the latter remain only an imperceptibly short 
space of time on the same spot, and have a consolidating action." 

" May you take the wear of horses' shoes, in proportion to that of the 
tire of the wheels, as a fair test of the proportionate wear of the road by 
each V'-^*' No, by no means, because the pressure which the wheels exert, 
and which wears away the tire, is, under certain conditions, very beneficial 
to the road ; whereas the pressure occasioned by the horses' feet is in all cases 
pernicious. On a gravelled road, which is not yet consolidated, the rolling 
action which causes the wear of the tire of wheels produces a great improve- 
ment of the road, when the treading action, which causes an equal wear of 
horses' shoes, does nothing but mischief. The harder and more solid the 
road becomes, the less this may be apparent, because the wear of the road 
becomes so imperceptible ; nevertheless, I think the proportion of less wear 
by wheels than by horses' shoes will still hold true." 

" What is the average width of the tire of the wheels of steam-carriages 
you have tried ?" — " Mr. Hancock's wheels are two inches and three inches 
broad ; in Mr. Gumey's carriage, when he carried the load along with the 
engines, the wheels were two inches and a half broad ; but I understand he 
has widened them since he has altered his system of drawing a separate car- 
riage, which is to be expected as a necessary consequence of the alteration." 
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** Do yoa think the machine would act with less advantage if the wheels 
were wider ?" — " That depends entirely upon the weight resting upon the 
wheels, and the sort of roads they are to run upon. I think it would be 
better for those individual carriages to use broader wheels than they had/' 

'' If the tire of Mr. Hancock's were six inches broad, would it be an advan- 
tage or a disadvantage ?" — " I think six inches would be too wide for that 
description of carriage ; about four inches I should think a suitable width 
for his wheels. Mr. Hancock's carriage is so arranged, that a greater 
proportion of the whole weight of the carriage is thrown upon the hinder 
wheels, to one or both of which the power of the engines is applied, than 
upon the fore-wheels : that I think is very judicious, because it ensures such 
an effectual adhesion of the hind-wheels to the road, that no slipping can take 
place. The breadth of the wheels must be so proportioned to the pressure 
that they exert on the road, that they will not indent or press in, to leave 
deep marks behind them. The actual breadth that will be suitable to any 
given weight will depend upon the hardness of the materials of which the 
road is made, and roads differ very much in that respect ; I think that in all 
cases the breadth of wheels which will enable the carriage to make the best 
progress will be that which will do the least injury to the road, for it will 
be that which will occasion no disturbance of the stones after they have been 
consolidated, but will only wear away their upper surfaces, and the iron of 
the tire.*' 

" Is it your opinion that weight for weight, including the weight of horses 
on one hand, and of engines and an average of the water and fuel on the 
other, the tolls should be the same on steam-carriages as on horse-drawn 
carriages ?" — ** I think that if it were so it would prove a considerable advan- 
tage to the roads, because, as I have stated before, I think the roads will be 
considerably benefited by the change of impelling by steam instead of by 
horses. I think it will be a great public benefit when steam-coaches come 
into common use, and hence that it is expedient that a moderate bounty 
should be offered for the adoption of steam-carriages, by giving them all 
possible advantage they can have without trenching on the interests of indi- 
viduals ; and if they were allowed to run toll free, and duty free, until a 
certain number were in use, or during a certain time, it would much acce- 
lerate their introduction, because it woidd diminish the loss that must 
necessarily be incurred by running them before they are perfected in their 
construction : small encouragements or discouragements have a considerable 
effiBct on new inventions in their infant and imperfect state. Steam-coaches 
will very well bear all tolls and taxes to which other coaches are subject, 
when they are able to carry passengers regularly and profitably; but they 
want encouragement now, instead of difiliculties being thrown in their way. 
As to the right of tolls on turnpike- roads, it should be recollected that turn- 
pike-roads are not property, like canals, but trusts, to be exercised for the 
benefit of the public ; and if it is for the interest of the public that steam- 
coaches should be brought into use, and if that bringing into use will be 
accelerated by suspending the tolls on them at first, the trustees of roads 
ought not to object to such an arrangement : the real amount of tolls they 
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«rill forego wiU be an exceedingly small per centage on the income of their 
tolls ; for so long as steam-coaches are losing concerns, they cannot be very 
numerous/' 

Mr. Alexander Godon, engineer, examined. (Report, p. 74.) 

" Have you been engaged in running stage-coaches ?*' — *' I was engaged 
in running a stage-coach with horses four years ago, and since this committee 
commenced their examination, I have been making some calculations as to 
the comparatiye wear and tear of the road by horses' feet and coach-wheels ; 
and I consider that the tear and wear of the horses' shoes is yery much 
greater than that of the tires of the wheels. I know it to be so. A set of 
tires will run 3,000 miles in good weather, or on the average 2,700 miles^ 
while a set of horses' shoes will trayel only 200 miles. Take the square 
inches of the rubbing surface : I think the rubbing surface of the wheel, on 
an ordinary road, to be somewhere about sixteen square inches ; I am taking 
a grayelly road." 

<' Do you mean to say that if a coach was standing still, there would be a 
segment of the wheel of eight inches touching the ground V — " On a grayelly 
road it is about that ; and I take the average of sixteen square inches, because 
all tires are not limited to two inches width : some of them are a little more ; 
I take sixteen inches as the standard on the average quality of roads." 

** Having measured that part of the wheel which touches the road ?"— << I 
cannot say that I have put my rule to it ; but I mean to say a segment of 
eight inches is pretty accurate. If it is on a perfectly hard road, in dry 
weather the road will almost be a mere tangent to the circle ; but on a soft 
road, in damp weather, the wheel will make more or less of a rut, and the 
average depth of the rut will give the segment." 

** Will you give the proportion of surface for the horses' feet ?" — *' I think 
twelve square inches superficial for one horse-shoe. I cannot say that I have 
measured it." 

** What is the weight of the carriage which you say imbeds itself eight 
inches?" — ''I take the weight of the ordinary post-coaches, when fully 
loaded, to be somewhere about three tons. I principally rest my opinion, as 
to the comparative tear and wear, upon the wear of the horses' shoes when 
compared with the wear of the tires. A horse, after a run of 200 miles, must 
be shod ; and after a run of 3,000 miles, in dry weather, a coach must have 
new tires." 

** From thence you infer, that the wear of the two is in proportion to those 
numbers ?" — *' 1 think it must be thereabout ; that is, setting aside altogether 
for the present the consideration, that the horse's movement is a series of 
thumps and picks, while the wheel is a roller." 

" Is not the iron of the wheel thicker than that of the horse's shoe ?"— 
" Yes ; to keep the wheel firm." 

'* Do you not infer, from the action of the horse's hoof upon the road, 
that the injury would be great in proportion ?" — " I think that the action of 
f he horse's foot on the ground is more destructive to the road : there is more 
tear and wear to the road by the horse's shoe than by the tire. In rolHng 
two tons along the ground, on four wheels, there will be less damage done 
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than by driying four hones without dnmng any thing after them along the 
same groimd.*' 

*' Have you made any observations as to the relative wear of the shoes of 
riding horses compared with those of horses employed in carriages V — ^" No ; 
I now speak from circumstances which came to my knowledge when I was 
connected with running a stage.'' 

'' Have you had an opp<ntunity of comparing the wear of the wheels of a 
steam-carriage with the wear of the wheels of a carriage^ supposing they run 
equal distances and carry equal weight ?''—'' I have seen Mr. Gnmey's pro- 
ceedings from the beginning to the present time^ and in riding with him» I 
have very narrowly observed the driving wheel to see whether it ever made a 
surge, (that is to say) made a slip or missed its hold of the ground, and that 
has so seldom happened, that I do not think it can do much more injury than 
any other wheel, indeed I might say none ; if it does, it is very trifling." . 

** You speak of the propelling-wheel ?" — " Yes." 

"Do you know the weight of Mr. Giimey's carriage?" — *' I know the 
weight of Mr. Gumey's carriage from having been told. I take the weight 
of Mr. Gumey's present locomotive engine, when it carries six or eight per- 
sons, to be nearly as heavy as an ordinary four-horse carriage without the 
weight of its horses ; that is, about three tons with coke, water, and pas- 
sengers.'' 

<« Are you speaking of the comparative injury to the roads done by Mr. 
Gumey's carriage and a four-horse coach ?" — '* Yes." 
: '' Which do you think does most injury to the road ?" — '^I should think 
it must be the same thing, carrying a great weight on any four wheds of 
equal diameters and surfaces ; it will amount to the same thing." 

" Does not that suppose that the tire is of the same width?" — " I take the 
tires to be the same." 
' ** That is independent of the four horses ?" — " Yes." 

'* Then the injury done by the four horses is in addition ?"— ** Yes." 

" Have you observed what the proportion is of the damage done by four 
horses drawing a coach and the four wheels of a coach ?"— '' I cannot say 
that I have made any observation upon that, further than the tear and wear 
of the shoes, and the tire. I have seen the ruts in a narrow road and the 
horses' path between them ; viewing these and viewing the towing-path on 
the side of a canal and between the rails of rail-road, I should think that the 
horses do fully more harm than the wheels." 

** Do you think that the action of the horses' feet on a towing-path will do 
more injury than on a road ?" — '* Yes ; but the action of a horse's feet on a 
towing-path is. not quite the same as when he is carrying a weight or pulling 
a weight directly after him. The horse hauling on a canal has a motion 
sideways, and leans to the side farthest from the boat, platting his feet f this 
is a more destructive action than that of horses' feet on a road." 

*' Have you found that there is any tendency to slip in Mr. Gumey's 
carriages in going up a hill covered with new stones ?'^-~'^ When the sur- 
face of the road is not firm, there is a tendency to slip ; and when I said 
there was merely a fraction more of injury dojie by that wheel than by the 
others, J was tiddng such cases into account." 
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Do you think that the injury that steam-carriages do to the roads will 
be exactly in proportion to their different weights^ taking the same breadUi 
of the. tiie V — ** I cannot state the proportion; if you increase the weighty 
yon must increase the breadth of the tire; at diffident speeds the injury 
wiU differ." 

'' Taking the same breadth of tires, and the same yelocityy do you con- 
ceive the injury to the road increases in exact proportion to the weight ; for 
instance, that a steam-carnage of two tons inll do only half the injury that 
a coach of four tons would do ?'*—-'' I do not know that it will be exactly in 
these proportions, but it will be somewhat similar/' 

** llien supposing that a steam-coach carrying two tons had tires of a 
breadth of three inches, and that a steam-coach carrying four tons had -the 
tires of the wheels of the breadth of six inches ; do you think that .the injury 
would be proportionate ?"•— ^' I think that there would be nearly the same 
amount of injury." 

'* Suppose you increase the weight so as to break through the crust of 
the road V — ** If you put a very heavy weight, you will break the crust of 
the road altogether, no doubt." 

«< Do you think that could be obviated by increasing the breadth of the 
tire of ike wheel ?" — '' To a certain extent ; but you may increase the 
weight so much as to pulverize the material of the road, even with a broad 

tire.*' 

** Have the observations you have made been founded on actual experi- 
ment or not ?"— '' It is on observation ; I have observed the action of Mr. 
Gumey's wheels very narrowly on the roads, because I was interested in 
another patent that was to introduce propellers in the middle of the loco- 
motive-engine, as shown in the drawing produced." 

** Have you observed them under different ascertained weights ?" — ^* No 
great variety." 

''Upon an ordinary road is the injury done by a stage-coach or by a 
steam-carriage so great as to be apparent at each time that carriage travels 
along the road ?" — *' Whenever you see a mark left by a wheel you are 
entitled to say there is an injury done to the road to the extent of the rut." 

'* Do you state that if it is merdy a mark on the soft surface of the road ?" 
— ** Yes ; from the wheel being at all imbedded in the soil ; the water gets 
in and soaks its way through. If it is in frosty weather, the water and the 
damp get down, and the alternate 'freezing and melting destroys the road." 

** In an ordinary road is the impression of the wheel of a stage- coach upon 
the solid surface of the road so great as to make the injury apparent every 
time the carriage passes over it ?" — '* It is apparent to me, because wherever 
there is a mark upon the road there is a consequent injury." 

" Whether that mark is merely the impression of the wheel on the soft 
mud or dust, or by crushing the materials ?"—" Wherever the road is damp, 
the consequence of the mark, however slight, tends to destroy the road." 

** Do you mean whether on the soft mud on the road, or on the solid 
substance ?" — " The road must be destroyed to some extent ; I do not say 
that it is perc^tible. If you put out of consideration the surface, the mere 
mud, it is not perhaps perceptible at the time ; but there must be tear and 
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wear going on on the road, or it will last for eter. I do not now talk of the 
action of the elementfi/' 

'' On what data do you state that the steam-carriage does not do moie 
injury than the wheels of a stage-coach?'' — ** Because it does not make a 
deeper rut." 

'* Does either of them make a rut?'' — ** If you suppose the road to be a 
concrete mass, and that there is merely a litUe mud and dust on the top of 
it, I cannot prove that a four-horse coach does any perceptible injury to that 
road. I will say also a steam-carriage will, in a similar case, do no percepti- 
ble injury to it." 

'' Of course if the road was composed of solid rock you would not be able 
to tell whether a coach of any description had gone over, there being no 
mark left ; but talking of ordinary turnpike-roads, should you be able to 
trace the indentation that coach mside ?" — '' Yes." 

'* Would you not be able to do the same with a steam-carriage ?" — " Yes ; 
there are some roads in England, a part of the Holyhead road, for instance, 
so well made that you cannot trace any vestige of injury done in good 
weather. A part of Mr. Telford's road there is a concrete mass." 

*' Do you know whether that road has ever been mended since it was first 
made ?" — " I suppose it has '." 

*' Should you not say that the injury done to the road by a carriage pass- 
ing over it depends greatly on the state of that road, whether damp or dry, 
or otherwise ?" — " Certainly." 

*' Are there any states in which a road is placed in which no injury is 
done by a carriage passing over it ; take the case of a hard frost for instance ?" 
— '' No perceptible injury is done in that case, if the road is so hard that 
the wheel makes no mark upon it. But where the road is at all soft, and 
when the wheel sinks into that road, it must tend to destroy the road : if it be 
merely in mud on the surface of the road, it is making a cistern to hold a 
puddle of water." 

" The greatest injury done to the road will be just after the breaking up 
of a frost ?" — " Yes ; or in fact after the effect of the frost, the water having 
got into the interstices, has been frozen and expanded. When it thaws, the 
road is not so compact; it is soft and pulpy." 

" That is the state in which the greatest injury will be done to the road 
by a heavy weight passing over it ?" — " Yes." 

'' Have you ever, in such a particular state of the road, observed the 
injury d<me by a stage-coach drawn by horses, and that by a carriage propelled 
by steam ?" — '' I have seen the locomotive-engine travelling in the month 
of January, and also the ordinary carriages, and I cannot see that the loco- 
motive-engine has done any more injury than an ordinary carriage. The 
destruction on the road after a frost is much greater than in other cases. 
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^ I since find in a paper, which Mr. M'Neil read before the Institution of 
Civil Engineers, it is stated, that " on a part of the Holyhead road, made five 
years ago, there has not been a stone put since, and the wear is very trifling. 
Hardly any mud has been scraped off, and in summer it produces little or no 
dust." 
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Have you made obfiervation as to the effi9ct on the road by each carriage 
when the road was in the worst state ?" — " I have seen them exactly at the 
same time and in the same circumstances. In the month of October, when 
there had been a considerable deal of rain, and the old road to Bamet, down 
by Stanmore, was yery soft in consequence of the rain, I have seen the 
effect of a locomotive engine, and the effect of the Hemel Hempstead coach, 
running alongside of each other, and I consider that there was no difference 
at that time ; I was then watching the action of l^r* Gumey's wheels, and 
particularly his driving-wheel, with that view. I put the horses out of the 



case." 



** Was there any perceptible difference in the damage done ?" — ** None, 
that I perceived." 

** What are the effects on the wear of the road, by increasing the velocity 
of the steam-carriage ?" — '* I have not observed that, but it must be less. 
Suppose you are carrying a weight on a road slowly during a frost, you will 
break the crust ; but travelling at a greater rate over it, it will not have that 
effect ; the frozen crust will remain unbroken." 

** Have you observed the effect on the road, by increasing the diameter of 
the wheels ?" — ** I cannot say that I have seen that.'* 

** In Mr. Gumey's carriage, the wheels do not always follow in the same 
track ?" — '* Sometimes they do, and sometimes they do not." 

** Under those circumstances, supposing equal weights on the four wheels, 
it would be easy for you to observe whether the wear of the fore and hind- 
wheels was the same ?" — " I never observed any perceptible difference in the 
injury." 

** A considerable proportion of the wear of the road is to be attributed to 
the atmosphere, without reference to the carriages which pass over it ?"— 
** Yes ; the most destructive element in nature is water ; and, in the course 
of the winter, the action of the water that gets sucked up into the road is 
very bad *, and the very washing is also very bad.'* 

*^ Are there many states of the road in which a wide tire is of considera- 
ble advantage to the road ?" — " Yes." 

** In the majority of cases do you think the superior width of the tire 
which the steam-carriage has over a carriage drawn by horses is altogether 
an advantage or a disadvantage ?" — ^' A wide tire has the advantage upon 
the average." 

" And the steam-carriage has that advantage over the other ?" — '* Of late 
Mr. Gumey has increased the width of his tire ; it was at all times wider 
than other carriages, but he has increased it still more." 

** Does the width of the tire impede the velocity at aU V* — '* Scarcely in a 
perceptible degree." 

" Are you of opinion that a wide tire, under any circumstances, does 



1 The powerfully destructive effects of water under changes in the atmo- 
sphere are well known in the rending of rocks $ and the poor Canadian has 
often suffered loss of life and property by the {ailing of his house from a 
foundation destroyed by atmospheric changes. 
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injury to a road in any state of it ?"«->'* Lhave made no observation as to its 
doing an mjurfj' 

Mr. Telford, President of the Institution of Engineers, ex- 
amined. (Report, p. 79.) 

*' Yon are aware tliat the object of tbis committee is to ascertain, as far 
as practicable, bow far tbe operation of carriages propelled by steam upon 
public roads is more or less injurious than the operation of carriages drawn 
by horses ?''^-'' I have never had any experience of steam-carriages upon 
roads, and therefore I cannot say experimentally what effect they will pro- 
duce; but if there is no projection upon the surface of the wheel, and they 
are not suffered to drag upon the road, it does not appear to me that any 
injury can arise more, but rather less than by common carriages." 

'' Do you consider that supposing the weight of a steam-carriage were 
equal to that of a carriage drawn by horses, that is two tons each, the injury 
done to the road by horses or by the carriage would be the greatest ?*' — '* I 
should expect that by the horses/' 

*' In a much greater degree, do you conceive ?" — " I cannot exactly say 
the proportion, but I should think the greatest degree of injury arises firom 
the horses' feet." 

** What is the nature of the injury done to roads by the travelling of 
carriages and horses V* — ** By the horses chiefly by tearing up the surface 
with their shoes ; I do not consider that the pressure of the wheels upon a 
good made road is nearly so injurious to the road as the tearing up of the 
road by the horses' feet." 

'' Supposing that the operation of a steam-carriage were so perfect that 
there should be no sliding of the wheels, and that such steam-carriage were 
of four tons weight, and also that the joint weight of a coach and horses 
were four tons travelling at equal velocity and with equal breadth of tire^ 
which do you think would do the least injury to the road ?" — " I should 
think that the steam-carriage would do the least injury, but that is not 
from experience of steam-carriages, but only from my general information, 
always taking for granted that there is no projection outside the wheel." 

** If under those circumstances the breadth of the' tire of the carriages 
drawn by horses were two inches and a half, the usual breadth, and the 
breadth of the tire of the steam-coach were four inches, should you then 
have any doubt which would do the least injury to the road ?" — *' I have 
already said if the tires were equal, I conceive the steam-carriage would do 
the least injury, and certainly the chance of injury will be lessened if the tire 
is made double the breadth." 

** If the breadth of the tire of the wheels of steam-carriages could be 
extended to six inches, might they not in many states of the roads be rather 
beneficial than injurious ?" — " Where the road is properly made of good 
materials and well consolidated, the mere pressure of a carriage would not 
have any effect." 

" Do you think it would be fair to impose an equal toll, weight for 
weight, on steam-carriages and on carriages drawn by horses ?" — ** I think 
it ought not to exceed that." 
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'' Do you think that it ought to be equals as the one carriage you state 
does not do so much injury as th6 other ?"— " In justice it ought to be 
dinunishedj but that is only opinion untal it is proved«'^ 

*' Have you paid any attention to the mode of charging toll on steam^ 
carriages?'' — " I have not.** 

■f 

Mr. James M'Adam examined. (Report, p. 89.) 



'^ Have yon had considerable experience in road-making, and superin- 
tending roads V* — '^ Yes, for the last fourteen years." 

** Have you made any experiments, or are you able to give any informa- 
tion to the committee, as to the comparative wear of roads, or injury to 
roads by carriages and horses passing?"*^'' I have generally found that 
horses* feet do very great injury to the surface of a well-made road ; and I 
am of opinion, that a carriage with properly-constructed wheels does less 
injury to a road than the horses drawing.'* 

*' Would you explain what the operation of the injury done to the road is 
by travelling on it ; is it the wear of the road, or the displacement of the 
materials ?** — ^' Both take place ; the wheels to a certain degree wear, out the 
material, but upon a road properly constructed, and that has become con« 
solidated, and the surface smooth, that wear is very small and gradual; the 
injury to the road from the horses' feet, more especially upon gravel 
and flint roads, arises particularly in dry weather from the knocldng up and 
displacing the materials upon the surface, and each succeeding jourliey add9 
to the evil, and were it not for the effect of the wheels following the horses 
in mi%ation of that evil, we should have the flint and gravel roads all loose 
throughout the whole summer.'* 

" But the wheels of the carriage do not actually follow in the track of the 
horses V'-^'* But in roads of much thoroughfare, especially near the metro- 
polis, other carriages do.*' 

*' What proportion of the injury to the road do you think takes .place 
£roin the changes of the atmosphere ; frost and wet, have they any material 
effect ?" — " Yes, decidedly, in chalky soils in particular : at Royston and 
through that country a great and serious injury takes place upon the Inreak- 
ing up of all frosts, ncnr can we, by any care or attention or strength of 
surface of the road, prevent that taking place ; it comes in a very eccentric 
mmmer, and breaks up one year at one part of the road, and another at 
another, occasioned in a great measure by the standing of the water in the 
sub-soil ; and I suppose also, by the way in which the wind is at the time it 
fr^ses. It is the modem practice of road-making to abstain from all 
general repair of the roads from the middle of April until the middle of 
October; during that period the only repairs, that ought to take place are 
partial coatings, necessary from accidental circumstances. As soon after the 
middle of October as possible the general coating takes place in pieces of the 
road at a time so as to interfere and interrupt as little as possible general 
travelling, and we endeavour, by the month of February, to have the whole 
of the coatings put on ; in no instance above a sixth part at a time." 

13 
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*' Have you witnessed the operation of a carriage propelled by steam on 
the public roads V* — *' I have observed it ; but in a small degree." 

" Who was the proprietor of the carriage you noticed )" — " I think it 
was Mr. Gumey's ; I accidentally saw it.'' 

** Then you only saw it once ?" — " Only once." 

'* What was the state of the roads when you saw it ?"— " Tolerably good 
at the time ; I saw it in the Regent's-park." 

" Were they in such a state you' could make any observation upon the 
greater or less injury produced by it than by a common carriage?'* — " I 
cannot say that my attention was directed at that time to that fsct ; I have 
not had an opportunity practically of seeing the effect of steam-carriages 
upon roads ; there have been none used near us except passing down to 
Virginia Water, &c. ; but not being brought into general use, I have not 
seen sufficiently the effect of their wheels upon roads." 

'* From the experiments you have before stated, what should you recom- 
mend should be the breadth of the tire of the wheel of a carriage with four 
wheels weighing four tons ?" — *' I consider that a carriage of any description 
required to carry a great weight, five or eight tons, ought to have a wheel of 
four inches and a half in breadth, constructed agreeably to the clause in the 
Metropolis Act ; and I consider that a carriage with such a wheel, though 
carrying an excessive weight, would do very little injury to the road." 

'' It has been stated by a previous witness, that a carriage of the weight 
of two tons, propeUed by steam, drew after it another carriage weighing nine 
tons ; what should, from your experience, be the breadth of the tire of the 
wheel of the propelling carriage and the carriage drawn ?" — " Looking solely 
to the welfare of the road, I should prefer a wheel of four inches and a half, 
flat on the tire, to any other class of wheel that can be made, being of opinion 
that a greater breadth of wheel cannot at one time touch the surface of a 
well-formed turnpike-road." 

*' Then you would prescribe that breadth as the minimum breadth of 
wheel for any weight ?" — " Yes ; I do not think any increase of breadth 
would be of any service." 

" Supposing two carriages, one drawn by horses, and the other propeUed 
by steam, the weight of the steam-carriage being four tons, and the weight 
of the carriage drawn by horses being two tons, which would do most injury 
to the road, provided the breadth of the wheels were the same in both 
cases ?" — " I should prefer, with a proper wheel in both cases, the steam- 
carriage without the horses, because that question can only be answered with 
reference to the wheel." 

" Then, in the case given, if the wheels of the steam-carriage were four 
inches and a half, and the wheels of the coach two and half, which would do 
the greatest injury?" — '^The coach, decidedly, drawn by horses, though 
only two tons and a half, infinitely more ; because I consider, that of all 
classes of thoroughfare at present, the stage-coach, as usually laden, does us 
the greatest injury." 

^' Can you suggest any mode by which tolls could be fairly charged on 
steam-carriages, in relation to the tolls charged on coaches ?" — '' The mode 
adopted in coaches, of taking toll per horse as well as waggons, has been 
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found to answer every purpose, it being, in truth, a penalty upon weight. 
If greater weight is put upon a waggon, a greater number of horses are 
necessary to move it, and the parties bring the penalty in the shape of toll 
in their hands. This cannot be applied to steam-carriages, and I am at a 
loss to recommend to the Committee any general mode, unless the diameter 
of the cylinder or power of the engine could be taken. In the Metropolis 
Act of 1829, there is a toll laid upon steam-carriages ; any carriage that shall 
be in any manner drawn by steam or gas shall pay the toll that would be 
paid by any carriage drawn by four horses." 

" If the power of the engine is equal to any number of horses you only 
charge the same toll V* — ** The same tolL" 

'* Then if a steam-carriage drew another carriage after it, or two carriages 
after it, would it be two or three tolls, or one only ?" — " Two or three tolls : 
where a steam-carriage conveys passengers by drawing another coach they 
would each pay the toll of four horses ; this is a matter still in its infancy : 
in many Acts, such as the Lemsford Mills Act, a toll of half-a-crown was 
introduced for any carriage drawn or propelled by steam." 

'' Would not this inconvenience arise from the clause you have read in the 
Metropolis ToUs Act ; it would be a premium given in favour of one descrip- 
tion of steam-carriage over another, though the injury done to the road 
might be in favour of the one less taxed, as in the case of a steam-carriage 
carrying twenty passengers, and another steam-carriage drawing a carriage 
containing the same twenty passengers ?" — ** In that case the toll would 
certainly be an unjust one, and require revision ; it was a point not settled, 
and it was put in merely to commence the toll, and call the public attention 
to it. I beg leave to observe, that if these carriages come into general use, 
they would necessarily require a still greater perfection in the surface of our 
roads, and also in the levelling of the remaining hills ; as good surface and 
little inclination is to them of the greatest importance." 

** K that is the case, would it not be necessary to lay considerable rate of 
toll upon those carriages, for the purpose of affording the means of exeaiting 
those improvements ?" — <' It is found, that lowering the hills, and improving 
the surface of all the roads, is productive invariably of a great increase of 
thoroughfare ; and although lowering the hiUs might be attended with the 
first expense, any excitement that would induce the trustees of the roads to 
keep them in good order would be at the same time productive of economy, 
a good road being always the cheapest." 

** Do you not suppose, if those carriages were in general use, the very 
action of the wheels upon the roads would prevent the necessity of such 
frequent repairs as are required at present ?" — ** I should think that the 
absence of the horses' feet in a great degree upon the roads would be a very 
considerable saving; and I have already stated, that these carriages, with 
properly constructed wheels, would b^ the dass of carriages that would do 
the least injury to the roads." 

** What is the greatest speed you have known a carriage drawn by horses 
to execute a given number of miles on your trust ?" — '' I once, by mere 
accident, came in the Leeds Union coach from Grantham, which is 110 miles 
from London ; I got into the coach at three o'clock, and I was in London at 
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h- >) • une morning; that was at the time the Lteds UBlal& and 

th . ■ .> re racing the whole way up." 

«' hat Mr. Telford states in hie Report on the state of the 

Hoi, . ' ' three of the Birmingham coaches perform l^e journey 

of 11' xa eight hours, without any aoddmt, at tibe rate of 

thirtetf f - longs an hour?" — <^ I have frequently heard it stated 

upon ti •!: /' i io not know it of my own personal knowledge." 

^' Ha\ ^tner observations you wmild wish to make to the Corn- 

mittee ?"> i am not aware of any point." 

** You do not think it will be necessary to limit steam«carriagee to any 
particular number of passengers, provided the wheels were of the dimemons 
ttated?'^ — <( If the wheels were of the dimensions and the description stated, I 
should, inreason, be regaidlessof weight, experience having complet^y proved, 
with properly constructed wheels, we sustain little or no injury from weight." 

" What is the majdmum weight a road would bear upon each wheel ?"•*-* 
'* The injury done by weight upon a road in a carriage with proper wheds is 
principally, I might almost venture to say excluidvely, to the new coatings ; if 
the weight in such carriage is a crushing weight, as applied to the materials 
with which the road is made, it does a very considerieible injury, and there- 
fore were steam-carriages to become in general use, it would be a matter of 
great importance, that harder metal should be introduced, that flint should 
take the place of gravel, and that granite or whtnstone take the place of 
flint, which is the {N-inciple acted upon by the commissioners of the metro- 
polis roads, but upon a hard and well-consolidated road a very great weight 
may be sustained without doing oomparitively any injury." 

*' When you state that if steam-carriages come into general use harder 
materials ought to be used, you suppose that these steam-carriages will be 
much heavi^ than the carriages used at present ?" — " Yes; I contemplate 
that they will carry much greater weights." 

'* Youir answer does not apply to carriages that are of the same weight as 
t&ose now used?" — '* No; but to carriages of the weight of eight or ten 
tons; when I spoke of the weight of from eight to twelve tons, I supposed 
a carriage with four wheels." 

*^ Upon the present weU-conslaructed roads .what weight do y<m think 
could be put upon than without crushing them ?"-^" I should not s^pre- 
hend any injurious result from the general use of steam-carriages with 
properly made wheels, carrying upon an av«age from, eight to ten tons." 

'* Your answer refers to roads that are so well made that the whole pres- 
sure shall be as that of an arch, but on the average of roads, such as sAudi 
be found in the country, would you give tte same answer ?"—>** No, certainly 
not." 

''Taking the av^^e of any line of road for a great number of miles, 
where materials less capable of bearing weight must necessarily be used for 
a considerable proportion of that road, what should you say is the Tn^Tinrnm 
weight that should be allowed with reference to the preservation of that road 
on any one wheel of four inches and a half?" — " Two tons." 

*' Have you ascertained that by experiment ?" — '' I have not had an 
opportunity of judging of it, except in all the waggons that dqiart from the 
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metropolig that are required to have the wheels conefaructed in the way'I 
have described^ some of which carry considerable weights." 

Mr. John McNeil, civil engineer, Daventry, called in and 
examined. (Report, p. 93.) 

** State your profession ?" — ** A civil engineer ; I am at present the re- 
sident and assistant engineer, under Mr. Telford, to the parliamentary com- 
missioners, on the Holyhead Road between London and Shrewsbury, and 
London and Liverpool." 

** What is the weight of a coach, a van, and a waggon, each canning what 
would be considered an average load ; state also the breadth of the tires of 
their wheels?" — "The weight of four-horse stage-coaches varies from fifteen 
cwt. and three quarters to eighteen cwt. ; most of the Birmingham day and 
night coaches weigh about sixteen cwt. and frequently carry, the night 
coaches in particular, upwards of two tons of goods and passengers, exclusive 
of the coach ; yet, taking into consideration the number of times they travel 
with very light roads, I should say that from two tons ^ve cwt. to two tons 
ten cwt., including the carriage, would be a fair average weight during the 
year. The tires of the wheels are mostly two inches, but some of them are 
less ; those constructed by Mr. Brown, and used on his patent coaches, have 
the edges chamfered off, so as to give a flat bearing of one inch and a half; 
but from the peculiar manner in which those coaches are mounted with 
springs^ I am inclined to think the injury done to the roads by these wheels 
is not so great as it otherwise would be. Some coach-wheels that I have 
seen are rounded off, so as to form in the cross section a segment of about 
one inch and three qusuters in diameter. The bearing in this case on the 
road, where the surface is hard and smooth, is reduced almost to a point, and 
must be extremely injurious. The coachmen remark that canriages with such 
wheels run wild in descending hills in summer, but heavy in winter, and 
when the roads are soft and muddy. The mail-coaches weigh very nearly 
twenty cwt. Some of them, the Holyhead coach for instance, frequently 
carries upwards of a ton of letters and parcels, independent of passengers and 
their lavage. The average weight of the whole may probably be taken at 
two tons. Some others, the Liverpool day mail for instance, travel very 
light, and probaUy will not average one ton and a half. The breadth of tire 
of mail-coaches is two inches and a quarter ; the four-horse vans, which 
travel about six miles an hour, weigh on an average four tons and a quarter, 
including the carriage ; the breadth of tire of (me which I measured was two 
inches and a half, but I am not prepared to say that this is the general size 
of such wheels : the horses used in these carriages are of the very best and 
largest description, which added to so great a weight oa narrow wheels, pro- 
bably renders this carriage more injurious to the public roads than any other 
description of vehicle at present employed. There are four descriptions of 
waggons in general use, the eight-horse waggon, the six-horse waggon, the 
four-horse waggon, and the farm waggon, which is drawn sometimes by two, 
three, or four horses, according to the load. The eight-horse waggons, 
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Ihough frequently weighing, with the load» seven tons, may probftUy be 
avenged at not more than six terns the year round ; the wheel is nine inches 
in the tire, but from a very improper plan followed in its construction the 
bearing on a hard solid road is only three inches, for these wheels are gene- 
rally shod with three hoops of three-inch iron, the centre one of which is of 
a greater diameter than the others, and projects foil half an inch beyond 
them, which on weak roads, such as in the neighbourhood of London, must 
be most injurious. I have measured one since I came to London, which 
travels on the Bath and Bristol road; the outer rim is conical, and can cer- 
tainly never come in contact with the road surface, unless it be one on which 
the wheel would sink two or three inches ; the six-horse waggons, with their 
load, generally weigh four tons and a half; their wheels are six inches wide, and 
of a better description than the former, though sometimes one of their hoops 
projects beyond the other, as in the case of the nine-inch wheel; the four- 
horse waggons, with their load, commonly weigh three tons and a half, their 
wheels are four inches wide, and are more upright than the others, and have 
a more level bearing on the road ; the farm waggon, used in Northampton- 
shire, weighs on an average one ton one cwt., the breadth of a wheel is three 
inches, and it carries from one ton to three tons, according to circumstances, 
and lasts nearly twenty years.*' 

" On an average line of road of not less than 100 miles, on which in many 
places materials of very inferior description must have been used, both in its 
formation and subsequent repair, what is the maximum weight per wheel 
(say if not less than four inches width of tire) which should be carried on 
any kind of carriage (carriage weight included,) without risk of injury to the 
road ?" — " On a road, such as here described, the injury will be considera- 
ble by any wheel passing over it ; but without a more defined statement of 
the quantity and quality of the materials used, I do not think this question 
can be answered with any degree of certainty; on all gravel roads, however 
made, without a foundation or bottoming, I should say the weight on a 
fomr-inch wheel should not exceed fifteen cwt, and on a wheel less than that 
ten cwt. on the generality of roads, throughout the country; I do not think 
it would be safe to run a carriage with almost any width of wheel if the load 
much exceeded ten tons; in fact there are some bridges even between London 
and Birmingham, that it would be running a risk to pass over with a carriage 
weighing ten tons.*' 

<< Can you from observation say what proportion the breadth of the ture 
of wheels should be to the weight?" — "The breadth of tire, in proportion 
to the weight, will depend entirely upon the description of road over which 
the carriage passes ; on such a road as that lately constructed by the parlia- 
mentary commissioners of the Holyhead and Liverpool roads, at the Highgate 
Archway, I have frequently observed waggons carrying upwards of six tons 
pass over it ; the weight of each wheel on the road was then about thirty 
cwt. ; and though the bearing of the wheels, from the cause I have before 
stated, was not more than three inches, the effect produced was impercepti- 
ble ; the pressure in this case was ten cwt. on every inch, which is unques- 
tionably too much for the generality of roads ; but if we take the road from 
London to Shrewsbury, as a criterion to judge by, I should say that a wheel 
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ought to be an inch in width for erery ton that a carriage and its load would 
weigh ; and that if every carriage that now travels that road was limited 
not to exceed that proportion, the roads would be better, and maintained at 
a cheaper rate than at present. According to the average weight of coaches 
and waggons, as before stated, I have calculated the following table, showing 
the weight at present carried on each inch of bearing, and what I conceive 
might be the breadth of the different wheels if they were made cylindrical 
with an even bearing, and in the proportion of one inch of width for every 
ton, including the carriage.'' 
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" State your opinion as to the relative wear of a road by two carriages, 
both drawn by four horses, one carriage of two tons weight, with two-inch 
tires, the other four tons, with four-inch tires ?" — " My opinion is, that the 
wear of the roads would in each case be the same, as far as it was affected by 
the wheels of the carriages, probably rather less, by the can*iage carrying four 
tons, on four-inch wheels, than by the carriage carrying two tons, with two- 
inch wheels ; but it must be recollected that both the carriages are supposed 
to be drawn by the same number of horses, and as the horses drawing the 
carriage of four tons must use greater exertions than those drawing the car- 
riage of two tons, I am of opinion that the aggregate wear of Ihe road would 
be more by the transit of the four ton carriage than by that of the carriage 
weighing two tons." 

" How would the foregoing answer be affected by an increase or decrease 
of velocity in either carriage ?" — ** If the road over which the carriages are 
drawn be hard, solid, and smooth, I think there would be very little increase 
of wear from the effect of the carriage- wheels by an increase of velocity ; but 
if the road should be uneven or rough, there would be an increase of wear, 
in consequence of the impetus or blow with which the wheels would strike 
the road, after passing over the inequalities in its surface, particularly if the 
carriages were made without springs ; but whether the road be a good or a 
bad one, the wear occasioned by the feet of the horses will be greater when 
they travel with an increased velocity: for a coach-horse, which travels at 
the rate of ten miles an hour, works on an average 270 miles in a month, and 
wears out in that time about four pounds of iron in shoes ; whereas a waggon- 
horse^ which travels at the rate of three miles an hour, and works twenty-ux 
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miles a day, for four days in the week, goes, on an average, 416 miles in the 
same period of time* and wears out 4.8 pounds of iron. If the coach-horse 
trayels the same distance, the wear would he six-sixteenths, whidi exceeds 
the wear of the waggon-horse one-thirty-sixth. In the same way might the 
relative injury caused by the wheels of the waggon and the coach be ascer* 
tained." 

" What is the operation of the atmosphere on roads ?"^« Well made roads* 
fonned of dean hard broken stone, placed on a solid foundation, are rery 
little affected by changes of atmosphere ; weak roads, or those that are im-^ 
perfectly formed with gravd, flint, or round pebbles, without a bottoming or 
foundation of stone pavement or concrete, are on the contrary much affected 
by changes of the weather. In the formation of such roads, and before they 
become bound or Arm, a considerable portion of the sub-soil mixes with the 
stone or gravel in consequence of the necessity of putting the gravel on in 
thin layers ; this mrt ture of earth or clay, in dry warm seasons, expands by 
the heat, and makes the road loose and open; the consequence is, that the 
stones are thrown out, and many of them are crushed and ground into dust, 
producing considerable wear and diminution of the materials ; in wet weather 
also, the clay or earth, mixed with the stones, absorbs moisture, becomes 
soft, and allows the stones to move and rub against each other when acted 
upon by the feet of horses or wheels of carriages. This attrition of the stones 
against each other wears them out surprisingly fast, and produces lai^ge quan- 
tities of mud, which tend to keep the road damp, and by that means increases 
the injury." 

'* Supposing the actual wear or deterioration of a road to be represented 
by 100, and that only coaches, vans, and waggons have passed over it during 
any given period, in what proportion would you estimate the effects ; first, 
of atmosphere ; secondly, of the carriage ; thirdly, of the horses ?" — " This 
question can only be answered in a g^ieral way ; no two lines of road would 
probably give results at all similar; much will depend on the manner in 
which the road is constructed, the materials of which it is composed, the 
care bestowed on its drainage, and whether it be in an open situation or 
shaded by trees ; if the road be properly made, and in an open situation, the 
injury arising from the atmosphere will be little, compared with the ^tual 
wear caused by the wheels of carriages and the feet of horses, probably not 
ten per cent, during the year ; whereas on weak roads, in clay countries, 
every shower loosens the materials of which the road is composed, and 
causes considerable wear, perhaps thirty per cent., or even more in some 
situations, where the road is shaded by trees. To get at something like an 
average proportion between the wear occasioned by hoirses' feet and the 
wheels of carriages, I have procured the following facts : the coaches whidi 
run between London and Birmingham required an hundred horse on an 
average, to work the up and down coach ; the horses are generally shod by 
contract, at about 2^. 6d. per horse per month ; those near London are much 
larger and heavier, and therefore require heavier shoes than those twenty 
miles out of London, and from thence to Binningham ; near London, in the 
flint districts, the wear of horses' shoes is much more than it is in the quarts 
and limestone countries. At Stony Stratford, the weight of the four sfaoe^ 
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of a mail and stage coach-horse averages five pounds, and when taken off at 
the end of about twenty-eight days they weigh very nearly two pounds : in 
this period* the horses run 252 miles. At Towcester, Weedon, and Daventry, 
the weight of the new shoes is one pound and a half each, and when taken off 
weigh nearly three-fourths of a pound ; the length of time which they remain 
on is about thirty days ; this would give a wear of three pounds per horse per 
month ; but if the greater wear near London be considered, I think it would 
not be too much, to allow the wear equal to four poimds per horse per n^onth, 
which, for 100 horses for ten weeks, would give a wear of 1000 lbs. of iron. 
The hind- wheels of the coaches are mostly four feet eight inches in diameter, 
and the front wheel three feet. The width of tire, I before stalled, is about 
two inches, and when new, the thickness of the iron is three«^uarters of an 
inch. These wheels are found to last from two to three months, according 
to the state of the weather, the workmanship, and quality of iron, (about 
twenty years ago, they did not last seven days on an average ;) suppose they 
now last ten weeks, in that tinie the tire is worn down to one-sixth of its 
original thickness; this would be equal to 163*4 lbs., or 326 '8 for both 
coaches ; this would be to the wear of the horses' shoes, as 326*8 to 1000, or 
as 1 to 3-14ths nearly. Now if the injury done to the road by the horses' 
feet and the wheels of carriages be estimated in the same proportion, I think 
it would probably be near the actual effect produced ; that is to say, the 
injury done by the wheels of fast-coaches is, to the injury done by the horses 
which draw them, as one to three in round numbers. The effect produced 
by slow carriages and horses is different : a waggon drawn by four horses, 
which travels regularly from London to Daventry, at the rate of three miles 
an hour, is worked by fifteen horses ; the waggon weighs twenty-five cwt.« 
and carriesji on an average, sixty-seven cwt. ; the hind-wheels are four feet 
eight inches in diameter, and the front ones four feet; the breadth of the, 
wheels is six inches ; they are nearly upright, but not cylindrkal ; the iron 
tire, when put on, weighs, on the fore-wheels, 285 lbs. ; on the hind ditto, 
396 lbs.; making 621 lbs. When removed, the weight is, on the fore-wheels, 
144 lbs.; on the hind ditto, 168 lbs.; making 312 lbs. : wear in five months, 
309 lbs. The number of miles travelled in this time is 6048 ; the shoes thsiX, 
are put on the horses employed to draw this waggon weigh, when new, from 
two pounds and a half to three pounds each ; the average of a great many 
gave two pounds and three-quarters, and when removed, one poimd and a,, 
quarter; they last from four to six weeks, according to the weather and stat^ 
of the road ; but we may assume five weeks ^ an average^ and the wear in 
that time for each horse six pounds ; and for fifteen horses, for five months, 
it would be 360 lbs. The proportion, in this case, would be as 309 to 360, 
or as one |;o 1*16, or nearly one to 1^; on the generality of roads, therefore, 
I would say, the proportion of injury would be nearly as follows, when 
travelled by fast-coaches : — 

Atmospheric changes 20 

Coach-wheels 20 

Horses'. feet that draw them 60 

lOO 
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And when travelled by waggons : 

Atmospheric changes 20 

Waggon-wheels 35*5 

Horses' feet that draw them 44*5 



100 



99 



'* What is the effect of travelling by coaches and horses ; whence and in 
what proportion does the injiury or deterioration arise; the crashing of 
materials ; their actual wear; their displacement ?" — " If the wheels of car- 
riages be properly constructed, and cylindrical, the friction, and consequently 
the wear, on the siuface of a well-made road, will be very little, and there 
will be no injury from displacement of materials, except what may arise from 
the few surface-stones that will sometimes be started out by the feet of horses 
on steep hills, when they are obliged to exert a great force to draw up a 
heavy load. When stones are thus thrown out on a hard and solid surface, 
the wheels of heavy carriages will crush them, and cause an injury which 
would be much more than that caused by the actual wear of the wheels 
passing over the surface. If the roads be weak or elastic, and bend or yield 
under the pressure of the wheels, the particles of which it is composed will 
move and rub against each other, or perhaps break by the action of heavy 
wheels over them. On such roads, I conceive the injury caused by steam- 
carriages will be much greater in proportion to the injury caused by light 
carriages drawn by horses, than it will be on solid firm roads. In one 
instance, where an accurate experiment was made, the wear was found to be 
four inches of hard stone, when it was placed on a wet clay bottom, while it 
was not more than half an inch on a solid dry foundation (formed as 
described in the Report of the Select Committee on the Holyhead road, on 
the 30th May, 1830), or with a pavement bottom, on a part of the same 
road, when it was subject to the same traffic. On the Highgate Archway 
road before mentioned, the annual wear does not appear to be more than 
half an inch in depth. Now as this road is very little affected by wet, in 
eonsequence of its peculiar construction, and the car»> bestowed on its drain- 
age, I attribute almost the whole of the diminution of materials to actual 
wear. On many roads, where the sides are weak, great injury arises from 
the crushing of materials, particularly by the action of waggon-wheels. In 
frosty weather, weak roads very frequently suffer more in one month than 
all the rest of the year. In such cases, the injury is caused by the wheels of 
carriages, and not by the horses' feet.'' 

*' If 30 lbs. be sufficient to move a carriage of 21 cwt. 8 lbs. on a level 
platform, little affected by friction, and 266 lbs. be required to move the same 
carriage up an inclination of one in ten, the pressure in the one case being 
exactly the weight of the carriage, 21 cwt. 8 lbs., what would be the pressure 
on the road, or platform on the inclination ?" — " As the pressure on the 
horizontal is to the pressure on the inclined plane, as the length of the plane 

_______„ w& 

is to its base, we have this proportion : v 6*-f-|)* ; b :: W : Va2 . avi =t^e 

pressure on the plane. In this example, w=2360. 5=10. p=l, which 
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2349*5 lbs. or 10| lbs. less than the pressuM oo 



^^ v' 100 + 1 
the horizontal." 

" Taking twenty miles near London, 150 lbs. appears to be the average 
force actually engaged in drawing the carriage of 21 cwt. 8 lbs., including 
hills ; would the force required to draw a carnage of 42 cwt. 16 lbs. be on an 
average 300 lbs., and so on in proportion : the extreme traction of the car- 
riage being 343 lbs., what, on this road, would have been the maximum 
force ^required to draw a carriage of four tons weight ?" — " It does not follow 
that because a carriage is twice as heavy as another, that its draught would 
be twice as much ; the resistance arising from gravity on the inclined planes 
would, abstractedly considered, be double ; but that part of the resistance 
arising from the friction and penetration of the wheels into the surface- 
materials would much depend on the construction of the carriage, and its 
wheels, and the different sorts of roads over which it was drawn. In order 
to ascertain the average draught of a carriage of 42 cwt. 16 lbs. over the 
above road, I conceive that the friction of the surface, or resistance opposed 
to the motion of such a carriage, should be ascertained on each description 
of road within the above limits, and then by knowing the rates of acclivity, 
or the amount of gravity acting on each, the average draughts might be 
ascertained, if the same carriage and wheels were used, but loaded so as to 
make up 42 cwt. 16 lbs., the average draught. It might probably be calcu- 
lated pretty nearly from the following table of experiments, which, as it may 
be of use in the present inquiry, I here beg leave to hand in; but it must be 
remembered that the proportions given in this table between the increase of 
weight and the increase of draught will not be the same on every description 
of road. To be enabled to answer the second part of the question, it will be 
necessary to know the rate of acclivity on which the draught of the carriage 
weighing 21 cwt. 16 lbs. was 343 lbs., and also to know the draught of the 
four-ton carriage on the horizontal ; but even then a difference might arise 
from the construction of the carriage, and the situation of its centre of 
gravity." 

TABLE of EXPERIMENTS made on the 2Sth January, 1829, immediaielf 
after a r(;g[rid thaw : the mud was fuU one and a half or two inches thick 
on the road at the time, 

TABLE I. 



No. of 


Waggon empty, 


Half a Ton in the 


1 Ton 2 Cwt in the 


Planes. 


weight 


1 Ton. 


Waggon. 


Waggon. 




Down. 


UlV 


Down. 


Up. 


Down. 


Up. 


1 


30 


99 


45 


145 


58 


210 


2 


64 


88 


105 


120 


125 


150 


3 


75 


85 . 


115 


120 


135 


155 


4 


75 


85 


105 


115 


135 


155 


5 


80 


88 


105 


125 


135 


165 


6 


85 


93 


105 


135 


135 


170 



** Neither the rates of acclivity, nor the lengths of the planes, were taken 
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at the time, but it ought ititt be dope, if> thought necessary by tbe committee, 
as the points are well ascertained." 



EXPERIMENTS made on a horizMtai Timber Platform i» January, 1829. 

TABLE II. 



Weight of the Waggon 


Powers required in lbs. 


Difference between 


and Load. 


to move it. 


empty Waggon and Load. 


2,240 


29 




2,800 


74 


45 


3,360 


104 


76» 


3,920 


140 


111» 



" If 266 lbs. be required to move a carriage of 21 cwt. 8 lbs. up an inclined 
plane of one in ten, what amount of weight would be required to keep the 
carriage stationary, or to allow it to descend with the slowest possible 
motion on the same inclination. This question has reference to the injury 
done to roads by ^ dragging' the wheels, and subsequently to the slow 
motion of the propelling wheels of steam-carriages in descending hiUs i" — 
** If the base of the inclined plane be 10, and its height 1, the length 

will be ^/ 10' + 1' := ^/ 101 zz 10*05 nearly, and we have the proportion 
10*05 : 1 :: 2360 : 234*82 lbs. the weight which would be required to keep 
the carriage stationary if the surface of the plane was hard and smooth, and 
the mass collected in a point ; but as 266 is stated to be the moving power, 
the resistance arising from the friction of the surface and the axle-trees 
would in this case be 3ri8lbs.; it may be well to observe here, that the 
experiments made, on inclined planes, as detailed in the Seventh Report of 
the Parliamentary Commissioners of the Holyhead and Liverpool road, were 
not intended for any thing further than to get practical results, the descrip- 
tion of which could be easily understood by road-surveyors and their assist- 
ants, and even by men in the habit of driving coaches ; it could not be 
expected that experiments made with a large unwieldy waggon, mounted 
with common axle-trees besmeared with tar, could furnish results on which 
to found a refined mathematical calculation. I have, however, within these 
few days, commenced a series of experiments, with a small carriage con- 
structed on purpose, and furnished with a very delicate instrument for mea- 
suring the cbmight. From the little way I have as yet gone in these expe- 
riments I cannot famish any details at present ; but I think I am warranted 
in saying that a very great benefit would arise in the saving of road- 
materials, by the adoption of a better method of banging the coaches, in a 
manner, perhaps, something similar to gentlemen's carriages. Many of 
these weigh, when fuUy loaded, two tons, yet a pair of post-horses draw them 
with apparent ease, the rate of ten miles an hour ; and on some parts of the 
road between London and Birmingham, where the road is tolerably level, at 
a much greater speed ; some of the Birmingham and London coaches travel 

13 
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the same grotmd at twdve miles^ and sometimeB fifteen miles an hour. This 
vdodty, however, may in a great measure be attribated to the level and per^- 
fect state of that road/' 

" The details of various kinds of steam-carriages have been given to fhe 
committee; all act without propellers; without projection on the wheels, 
with cylindrical wheels ; some with greater or less breadth of tire, even six 
inches wide ; the power is applied either by crank or wheels to one or two 
propelling wheels, according as greater or less force may be required. Some 
of the experimental carriages had three, some six wheels ; all will have four 
wheels. Some have the engines in a separate carriage, and draw the load ; 
some carry the load and engines on one carriage. Taking the above circum- 
stances into consideration, which would be most injurious to a road — a stage- 
coach, drawn by four horses, weight of coach three tons, horses two tons, 
breadth of tire two inches and a half; or steam-coach, wheels four inches 
tire, weight four tons ; in both cases velocity ten miles per hour V* — *' Taking 
for granted diat the injury which a road sustains by the wheels of carriages 
and the feet of horses is proportional to the wear of iron on the wheels and 
on the horses, and that the statement before given as to the actual wear on 
each be found correct, I would say, the injury done to the road by the steam- 
carriage weighing four tons with four-inch wheels, would be less than that 
occasioned by the coach weighing three tons, drawn by four horses/' 

** Would it be beneficial or otherwise to the roads, that steam-carriages 
drawing heavy weights in carriages attached to them should be substituted 
for waggons drawn by horses, supposing that the weight of the drawing or 
propelling carriage should not in any case exceed the weight of the numbet 
of horses that would have been used to draw a corresponding weight, e. g. 



"Waggon - - - - 8 tons 
Eight horses, 15 cwt. each 6 ditto 
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On steam-carriage - - 4 tons 
Carriage drawn - - 10 ditto 

14 ?''— 



'' I am of opinion, that if the steam-carriage and its accompanying carriage be 
constructed with wheels of a proper width, and of the same difmieter as the 
waggofi wheels, and travel with the same velocity, that the injury on well- 
made eolid roads'wiU not be more than that caused by the Waggon and 
horses ; in fiiqt, if tiie proportiop of injury before stated be correct, it will be 
less ; but it must be recollected that weak roads suffer more than solid ones 
from the heavy pressure of wheels, and in such cases the steam-carriage and its 
lender would be more injurious/' 

" In desooMiing hills, steam-carriages can regulate their velocity by reducing 
the action or number of revolutions of the wheels ; this acts as a drag, but 
with the advantage to a road that tiie wheel moves continually round ; whidi 
would be most injurious to a road, the descent of a carriage dragged as usual 
(not omitting the operation of the horses' feet>) or the steam-carrii^e dragged 
or regulated in; the mode described V* — *' Not having seen a steam-carriage 
descending a hill in the manner described (that is, regulated by the 2ict\Mi &i 
the engine on the whed,) I cannot give a satisfactory answer to thi^ ques- 
tion ; but as far as opinion goes, I should say that the joint act\6n of the 
horses and drag would be more injurious than the steam-carriage, the motion 
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of which waa regulated in the abore manner, provided the wheels were of 
the pn^r width, and the total weight not greater than that of the coach 
and horses." 

** Various local acts having passed* placing excessiye toUs on steam-carnages, 
it may be requisite to introduce a general bill, which shall, on such roads, 
place steam-carriages on a fair equality (so far as their rekitiye injury or wear 
of road) to common coaches on each such road ; the toll on a coach on such 
roads may vary from one to two shilings, according to local circumstances; 
on a waggon in the same proportion ; what standard of charge would you 
suggest for steam-carriages V — ** It has been stated to us, that one steam* 
carriage has drawn a carriage containing as many as thirty passengers, at the 
rate of even ten miles per hour, and nine tons weight at the rate of five miles 
per hour, but with smaller wheels; what regulation would you suggest as to 
the breadth of tire ; or should tolls be chargeable in inverse proportion to 
the breadth of tire ?" — **The toll which carriages propelled by steam, or by 
any other mechanical means, should be required to pay, ought, in my opinion, 
to be in proportion to the injury they would do to the roads, compared with 
that done by the present description of carriages and the horses employed to 
draw them, without reference to the weight or quantity of goods carried ; 
but as I before stated, I do not believe an accurate estimate can be at present 
formed as to the injury that roads may sustain from steam-carriages, com- 
pared with the injury done to them by coaches drawn by horses ; it may, 
however, I think be safely assumed, that the injury done to a road by a 
steam-carriage would not be greater than that occasioned by a stage-coach 
drawn by horses, the weight of the engine and its load being supposed not to 
weigh more than the stage-coach, together with its load and horses ; if this 
be granted, and an act passed limiting the width of wheel in a certain pro- 
portion to the weight carried, there would not be much difficulty in arranging 
a scale of tolls applicable to steam-carriages, which would put them on an 
equitable footing with carriages drawn by horses ; if, for instance, a propor- 
tion, such as I have already mentioned, be adopted, viz., that a wheel should 
be an inch in width for every 5 cwt. it has to support, and a toll charged for 
each inch equal to the amount charged for a horse drawing in a carriage 
which travels with the velocity of the engine, it would, in my opinion, 
be a fair and equitable toll at least for some years, or until a correct 
proportion of injury was ascertained by experience and observation, when 
it might be altered or amended according to circumstances. This mode 
of charging toll would be extremely simple, and not likely to be mis- 
understood by toll-collectors, or to occasion any disputes ; but there 
should be a heavy penalty attached to the proprietors of steam-carriages 
if they put a greater weight on the carriage than the wheels were intended 
to carry. If the engine, instead of carrying the load, draws one or more 
carriages after it, the toU should be collected and charged on each 
carriage, in a similar manner as it is charged on the engine, that is, in pro- 
portion to its wheels. An example will illustrate my meaning more 
clearly ; suppose an engine, together with its load, to weigh nine tons 
(which is about the average weight of two stage-coaches, including the 
weight of the horses which draw them) to pass through a toll-gate where 
horses drawing coaches are charged ^d, each, the toll on the two coaches 
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would be 4#.9 and of the steam-carriage 4«. 6J. Suppose that the engine, 
instead of carrying the load, draws a carriage after it, and that the weight of 
the engine is five tons, with five-inch wheels, and of the accompanying 
carriage four tons, with four-inch wheels^ the toll of the engine would be 
2s. 6d.^ and of the tender 2s., making 4s, 6d. as before. The only objection 
I can see to this mode of charging toll on steam«carriages travelling over the 
turnpike-roads would be, that in the event of their being able to carry a 
greater number of passengers at a cheaper rate than the present descrip- 
tion of carriages drawn by horses, it would lessen the amount of toll 
collected, as a fewer number of carriages would do the work, and many 
persons who drive their own horses would travel by them if found cheaper 
to do so ; and this circumstance, although it would not afiect the state of 
repairing in which the road was previously maintained, it might lessoi the 
value of property invested in the different turnpike-trusts throughout the 
kingdom, which is a very considerable sum ; but such a circumstance should 
not miUtate against an invention likely to prove beneficial to the country at 
large." 

'^ Give your opinion on the probable extent of injury to roads from steam- 
carriages V — " Generally speaking, I should say that the injury roads will 
sustain by the introduction of steam-carriages will be much less than is 
commonly supposed ; but the actual amount of injury, or correct estimate of 
the comparative injury that will be done by a steam-carriage, cannot, in my 
opinion, be formed at present with any degree of certainty. Experience 
alone will decide the point. The only danger, in my mind, that is to be 
apprehended, is the injury which roads may sustain by the possibility of the 
wheel which is acted upon by the engine turning round without propelling 
the carriage, in which case the road would suffer considerably; and this 
would take place, if a train of carriages were attached to the engine, the 
draught of which was more than the friction or gripe of the engine-wheel on 
the surface of the road. As long, however, as the weight is carried by the 
engine, and not drawn after it, nothing of this kind will take place, even on 
our steepest hills." 

*' Have you communicated your conclusions on these subjects to Mr, 
Telford ?"— " I have." 

Does he coincide with you ?" — " Quite so." 

You stated, that the only probable injury to the roads from the travelling 
of steam-carriages would be the slipping of wheels; would it not be directly 
against the interest of the proprietor that the wheels should slip in any de* 
gree, there being a necessary loss of power every time they do slip ?" — 
*' Caearly so." 

<< From your observations of the effects produced by heavy carriages 
drawn by horses, in ascending and descending hills, what would be the 
effect under similar circumstances of a steam-carriage of a weight equal to 
the weight of the coach and horses ?" — '^ I am of opinion that the effect 
or injury to a road would be less by the steam-carriage ; for when hiUs 
exceed a certain rate of inclination, gravity overcomes the friction of the 
surface, and the carriages in descending press upon the horses, unless a drag 
be applied to one of the wheels. This, in itself, injures the road, but not so 
much as when no drag is used, because the horses are then obliged to bear 
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against the carriage, and set down their feet very strongly; this often tears 
up the surface, particularly of weak roads. The tune that is lost by the 
coaches in descending some of the hills on the road between Lcmdon and 
Birmingham* is fuU as much as is lost in ascending thua, besides the imw** 
nent danger, eren with the greatest caution on the part of the drivers. If 
proper springs were used, the draught would be lessened, and of course the 
injury to the road would be much diminished." 

** On every road there are numerous six-horse waggons; you state the 
weight to be four tons and a half, the horses weighing four and a half more, 
i^BJWmg nine tons; should any objection be taken to a single steam-carriage 
of this weight, or from nine to ten tons, provided the wheels be of a proper 
description ?" — " No ; I think in the general state of roads, a steam-carriage 
of from nine to ten tons could run with perfect safety, without injury to the 
roads, if it was constructed with proper wheels." 

*' The above question refers to a steam-carriage carrying its load ; if the 
engine-carriage were of the weight of four tons, drawing a seccmd carriage 
of the weight of six tons, thus dividing the weight over eight wheels, would 
the effisct on the road be less injurious provided it was four and a half tire ?" 
— '' I think the injury would be less, provided the engine had the power to 
propel itself, and draw a carriage with six tons after it, without a slipping of 
its wheels." 

*' C!arrying this principle further, if the load were divided into two 
carriages, each. to weigh thi*ee tons, thus dividing the load over twelve 
wheels, would not less injury still be done i" — '* Decidedly, particularly on 
weak roads." 

" If under these circumstances you can diminish the pressure on the road 
by multiplying the number of wheels, should not care be taken so to frame 
the tolls to be levied as not to discourage the use of those steam-carriages, 
whose greater number of wheels could be least injurious to the roads ?" — 
*' I think that would be regulated by the mode I have suggested of chaining 
toll." 

'< Have you seen Mr. Gtimey's carriage, and examined its effects on the 
roads ?" — ^" I have seen it." 

^' What state were the roads in, at what velocity was it going, how many 
persons did it carry, and what was its weight ?" — " I do not know the 
weight of the carriage, there appeared to be eight or ten people on and about 
it ; the road on which T saw it was excessivdy bad, one oi the worst in the 
country ; the velocity was probably five or six miles an hour." 

" Were there other loaded carriages passing along the road at the same 
time ?" — " Several ; both coaches and waggons." 

*' Did you remark the effect of the steam-carriage on the road, to see that 
it did less or greater injury than the other carriages ?" — '' I could not 
perceive any difference." 

" If there had been any great difference, you would have perceived it ?" — 
** As far as leaving a track behind, which would have been perceived, I 
could not ascertain the amount of injury ; it was nothing more than that 
done by common coaches." 

*' Do you think it essential that the wheels of steam-carriages should 
follow in the same track, provided they have a proper breadth of tire ?" — 
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Not a^ iJl, as r«g^nls the injury to the road ; it would requira more power 
to work them if the wheels did not follow in the same track/' 

** Suj^KMing the steam-carriageSy eith^ the propelling carriage and the 
f»tm^ drawn, or the engine-carriAge canying the passengers, were geneially 
to be four tons, what would you recommend to be the minimum breadth of 
tire to either of the carriages F"^-" In Uie present state of steam«carriages, as 
apptied to the working over turnpike-roads, I should say you might limit 
them to not less than four inches for a few years/' 

'* Suppo^ng their average weight never exceeded from six to eight tons, 
do you think four and a half would be a safe minimum ?*'— -*^ I am inclined 
to thmk it would be rather too little.'' 

****** ^' The following table will show pretty nearly 
the increase of expense in transporting goods by stage-coaches drawn by 
horses up planes of different rates of ascent. Roads in geoieml have, in some 
parts, steep ascents ; one in fifteen between this and Birmingham, for instance, 
is too much on a road of such traffic. The surfaces are not so good gene- 
rally as they ought to be ; the roads should be strengthened, either with a 
pitched bottoming of stone, or a concrete mass, such as the Highgate Arch- 
way, or the new road near Coventry." 



TABLE. 

Expense of drawing One Ton over One Mile, at different Rates of Acclivity, 

by a Stage-Coach and Waggon, 



Four- Horse Stage-Coach, 


Waggon, Four Horses, 


average Velocity 10 Miles per Hour. 


average Velocity 2^ 


Miles per Hour. 


Rates of Acclivity. 


Pence 
and Decimals. 


Rates of Acclivity. 


IVnce 
and Decimals. 




d. 




d. 


1 in 10 


77'24 


1 in 10 


5207 


1—15 


57-78 


1 — 15 


28-70 


1 — 20 


50*47 


1 — 20 


22-83 


1—30 


4415 


1—30 


18-55 


1—40 


41-25 


1—40 


16-79 


1—50 


39'56 


1—60 


15-82 


1 — 60 


38-46 


1 — 60 


15-20 


1 — 70 


37*68 


1 — 70 


14-77 


1—80 


3709 


1—80 


14*46 


1 — 90 


36-64 


1 — 90 


14-22 


1 — 100 


36-28 


1 — 100 


1404 


1 — 150 


3519 


1 — 150 


13-46 


1 — 200 


34-64 


1 — 200 


13-18 


1 — 300 


34 09 


1 — 300 


12-91 


1 — 500 


33-65 


1 — 500 


12-69 


1 — 1000 


33-32 


1 — 1000 


12-53 


Horizontal. 


32-98 


Horizontal. 


12-36 



" What would be the difference of expense of pavement and forming a 
good granite road in the neighbourhood of London ; say twenty miles ?" — 
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« If you Uke twenty i&9m» and ako take the repairs of the roads for twenty 
years into account, I should say paving would be the cheqwst. The great 
defect of all the London pavements arises from want of a strong and firm 
foundation. In Fleet Street, and some others, this has been partly accom- 
pushed of late, but certainly not as perfect as it might be. If on the road 
from this to Birmingham there was a portion laid off on the side of the road 
for steam-carriages, which could be done without difficulty; and if it be 
made in a solid manner, with pitching and well-broken granite, it would M 
very little short of a rail-road. My only reason for keeping it distinct from 
the other road, is the evident injury every road sustains from horses travelling 
over it, and breaking up the surface ; and the steam-carriages would be able 
to go with greater velocity, if they were not interrupted with droves of cattle: 
besides, it would be easy to fence it off from fifteen to twenty feet, without 
injury to property ; and the expense of making a solid road of twelve or 
fifteen feet would not be very considerable.'' 

" Would the wear of such roads as you have described be mudi affected 
by the greater or less velocity of the steam-carriages V^~** It would be hardly 
affected at all, on a good road, by increased velocity ; if any thing, perhaps 
rather less." 

" Do you propose, in your scheme of toll, that weight should be the basis 
of toll, but that the wheel be an index to the weight?" — " Yes ;JJiat is the 
principle on which I have suggested the scale of tolls." 

** How would you check the frauds of proprietors of steam-carriages, by 
their placing a greater weight in proportion to the breadth of tire?" — " 1 
conceive the use of the steam-carriage would be for passengers solely, and 
their luggage ; if the weight was ascertained in the yards at London, Birming- 
ham, or Shrewsbury, the intermediate traffic would differ very little, for 
persons going short distances would go by the coaches, as at present." 

** Would you suggest that a licence should be granted to steam-carriages, 
limiting the number of passengers they should take, in proportion to the 
breadth of tire of the wheel ?" — *' I think it would be quite as much as the 
road-trustees could expect ; and by marking in large cluiracters the width of 
wheel on the carriage, it would be a great preventive to the proprietors alter- 
ing the wheels." 

" Do you think, considering the infant state of this invention, that the 
road-trustees would practically suffer any great injury or inconvenience by 
merely, for two or three years, placing steam-carriages, whatever weight they 
may be, on a level with ordinary carriages, with reference to the toll charged 
for them?" — " Considering the present imperfect state of steam-carriages for 
turnpike-roads, I think it would do no injury to road-trusts, if such areg^ula- 
tion was adopted." 

" Would you place steam-waggons on the same footing as waggons drawn 
by horses ?" — " Yes, provided the wheels are made as I described, in propor- 
tion to the weight. There should be the same toll on a waggon drawn by 
steam as a waggon drawn by horses ; that is, the width of wheel should be 
charged per inch, as the horses are now charged.*' 

" Should a steam- waggon be licensed as to its weight, in the same manner 
as a steam-coach ?" — « I think just the 8r.tue." 
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" Did you conduct the experiments made on the Holyhead road, as to the 
force of traction required on different inclinations ?" — " I did." 

" Were they carefully made otherwise ?" — " They were carefully made, as 
far as the materials would allow ; the waggon was a very large one, with 
common axletrees. The result, in some cases, differed from two to three 
pounds : on the whole, I should say, the results stated in that report do not 
aceed, in any case, five pounds heyond what they would he found, if proved 
hy the best practical instruments, and are confirmed by my subsequent ob- 
servations and experience. The object we had in view, by these experiments, 
was to show to the trustees and the surveyors of the roads, that a road might 
appear a very good one, and still not be one adapted for traffic. By these 
means, they have perceived the defective parts in the roads; and within 
three months after the Report of the Parliamentary Commissioners became 
public, there was not a hedge on that part of the road where the draught was 
shown to be excessive, that was not cut down, and improvements made on 
the surface." 

*' When you followed Mr. Giimey's carriage, did you perceive that any 
horses were frightened, or any inconvenience arose to passengers on the 
road ?" — " I did not perceive the least inconvenience ; I saw several horses 
pass, both gig and saddle-horses; also coaches, and not one took the least 
notice of it." 

Having, we trust, made it obvious that steam-carriages are 
able to go up hills, and even up long and steep hills, v^e proceed 
to a comparative view of inland communication by means of 
steam-carriages on turnpike-roads, and of steam or other power 
on rail-ways. 

A smooth wheel will roll along a smooth plane of iron rail 
much easier than it will roll along a plane covered with rough 
and loose stones ; for in this last case, it has either to be lifted 
over the inequalities of the stones, or it has to crush them, or it 
has to push them to one side whilst it passes. The lifting over 
a ridge of stones at right angles to the line of motion, need not 
here be noticed, if these stones are so placed that the wheel 
runs over the tops, and is not deflected from its course ; because, 
in such case, Ihe gravity of the wheel lifted up one side carries the 
wheel down on the opposite side, and aids its rise over the next 
stone : and it is well established by practice, that the inequali- 
ties of a rough pavement are not felt at the speed of four miles 
an hour. But the crushing of the rough material, or the pushing 
of such rough material to one side, is so much power lost. 
Hence the great advantage of a smooth road, where this loss of 
power is avoided or rediuced. To obtain this smooth road, it is 
probable that rails of wood were first resorted to, and then roads 
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of stone or of iron. The two latter have long divided opinions 
as to their merits. Of late, however, the experiment has been 
made, at Glasgow, for a satisfactory solution of the question. 

If an iron- tram road had been laid down on the Commercial 
Road, instead of Mr. Walker's granite road there, the iron trams 
must have been so constructed, that carriages could draw off and 
on ; and many engineers think the cost of the iron-tram road 
would have been much greater than the granite road. The 
experiment at Glasgow, just mentioned, showed a very great 
advantage in the use of iron instead of whin-stone ; but as the 
relative cost of whin*stone and granite (including duration) was 
tried on the principal street of Aberdeen, and resulted in favour 
of granite, the comparative merits of an iron tram and a granite 
tram, remains yet to be decided. Certainly, however, an edge 
rail-way, where practicable, is less expensive than such a 
granite road. 

The substitution of a smooth even road for the wheels to ma 
upon, in place of a rough loose road, is then the reason for adopt- 
ing a rail-way ; " and where applied in proper places and under 
judicious management, cannot fail of becoming highly bene- 
ficial.^' But nothing can be more delusive than to suppose, that 
because rail-roads are better (in this respect) than " high-roads, 
ihey will answer every where; and yet the existing rage for 
them would seem to justify such an opinion ^'' 

So ardent were rail-road projectors in 1825, that schemes were 

published, requiring TEN MILLIONS STERLINO OF CAPITAL. 

We cannot enumerate the various lines, but to mention only- 
one, " the Cramford and High Peak Rail-way." " Not one ton 
of all the great commerce announced in the first account has 
ever passed on it for the whole distance, and no carriage what- 
ever except that which conveyed the committee, on their trium- 
phant tour at its opening ; all the trade having been confined 
to that of a little coal at the southern end '." 

It will be found that, with the exception of the Liverpool and 
Manchester line, and of those lines formed solely for the pur- 
pose of conveying heavy materials on a descending road, rail- 
ways are, at least, of very questionable advantage when there is 



* Report on Rai.-roads by Mr. Charles Silvester, Civil Engineer. 

^ Letter to a Friend on Rail- ways and Canals ; published by Longman & Co. 
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the possibility of having a good tompike-road and steam- 
carriages* 

The splendid rail-road between Manchester and Liverpool 
has led many to propose laying the slow canal barge asides 
draining the canals of their water, and forming a rail-way on 
the level bottom, erecting stationary steam-engines at all| in- 
clined planes where the canal locks now are ; but canal pro- 
perty is not so easily proved inferior. Mr. Wood has ^ven the 
most &vourable view of rail-roads, and attempted to prove the 
impracticabiKty of competition between canals with horses, and 
rail-roads with locomotive engines, in the conveyance of passen- 
gers. But Mr. Grahame, in his Letter to Mr. Wood, most 
clearly shows the latter gentleman to be in error. We consider 
the case so clearly made out by Mr. Grahame against rail-roads, 
ihatwe can only refer those who require information to his Letter* : 
a letter well worthy the serious consideration of all who have 
interest in lines of rail-road, where canals already exist. 

The competition has been said by Mr. Wood ^^ to rest almost 
wholly betwixt rail-roads and canals.'^ And now we return to 
our subiect to show that rail-roads have a very formidable rival 
in ste J communication upon the common road, and that the 
latter is of vastly greater advantage than the former. I do be- 
lieve that had Mr. Wood turned his persevering energies and 
usual discrimination to bear upon the subject of tampike-roads, 
such a line would not have appeared in his work. 

What moving power should be used, or rather, in what way 
that power should be applied to give the greatest advantage on 
a rail-road, seems to be a question still to be discussed. Messrs. 
Walker and Rastrick, after much investigation, reported (o the 
directors of the Liverpool and Manchester rail-way, that sta-^ 
tionary engines were the best. Thai Company, however, adopted 
locomotive-engines, and now the directors think of abandoning 
them, and adopting either stationary engines or horses. It 
forms, therefore, a very interesting question, what can be the 
cause of this ? 

After reading Mr. Crawi^y's letter, quoted in the last chap- 
ter, and the evidence above adduced, as to the wear of other 
locomotive-carriages, we must conclude that such carriages 

* Letter to Nicholas Wood, Esq. by Thomas Grahame, Esq. ; published by 
Smith and Son, Glasgow; and Longman, London. 
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could not cost 1500/. per ann. each, as we are well informed the 
repair of those on the Liverpool and Manchester line amounts 
to. It is quite possible that this sum may be exaggerated, but 
a fact corroborates its truth. Last summer that company had 
seventeen locomotive engines, only Jive of which were fit for 
work, and the company had to borrow one from the Bolton rail- 
way; at present (and in general) that company have only six 
of their locomotive*engines fit for use : the rest of the twenty^ 
four are under repair ! Much of this expense must be accounted 
for, by the wearing out of Messrs. Stevensons and Go's, boilers, 
and by the too great speed of the alternating piston. But the rise 
of 1 foot in 96 feet, on the Whiston and Sutton inclined planes, 
put that company to great additional expense. 

These ascents are so gradual that travellers think them 
dead level. Here we have the finest exhibition of a rail-road 
and locomotive-power upon it What is the cause of the ex- 
pense on the inclined plane? It is the disadvantage which 
must ever attach to locomotive-engines working up an inclined 
rail^ and which does not in the same measme attach to a steam- 
carriage working up an inclined turnpike-road. We have said 
above, that the whole and sole advantage of an imyielding rail- 
road consists in the substitution of a smooth rail for a rough 
yielding road ; and wherever there is a dead level, a rail- way 
ofiers a very great saving of power ; but wherever there is an 
inclination to ascend, that advantage decreases in an enormous 
ratio. I will quote Mr. Gumey's observations on this head, 
which ^ (although his case supposed is an extreme one) are 
original, and place the subject in a trae and clear light 

^^ As it would appear that some persons are still of opinion, 
that locomotive-engines cannot propel themselves up hill on the 
common road, I would call tlieir attention to the following 
circumstances. 

^^ 1st. The amount of extra power necessary to draw a certain 
weight up a hill is given by the inclination, and is the same 
whether it be on a rail-road or common road, whether it be 
carried on a horse's back, or dragged on wheels, or on a sledge. 
This increment is occasioned by gramtation alone. 

" 2nd. The force of traction necessajry to propel a ton weight 



' Mr. Goldsworth)' Guraey's observations on steam-carriages on turnpike- 
roads. 
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on a level rail-road is about 8 lbs. ; that is -^^^th ; or to be within 
limits in practice^ say ^Jhr* P^^ ^^ ^® whole weight. The 
average force required to draw a ton weight on a common 
road, is the ^^th of the whole weight The former is, there- 
fore, to the latter as 1 to 20. 

" 3rd. To go up a hill rising one foot in twelve, viz. three 
inches in a yard, which is about the steepest now on our public 
roads, an additional force of traction is required equal to -^ 
the weight, to overcome the increased opposition arising from 
gravitation. Thus, then, to go up a common road of the above 
elevation, the power of traction is simply doubled, and no more, 
while on a rail-road, it is increased to TV+TT?r=AVj ^^ ^-^ 
times greater than it was on the level. 

** It is this enormous difference in the tractive force necessary 
to propel a given weight up an inclined plane on a rail-road, 
which is so sensibly felt in the slightest elevations, and renders 
the ascent of the heavy engines impossible against one of mode- 
rate rise, particularly with any load attached to them. It is 
this circumstance which deceives our scientific men, when they 
carry their speculations into the subject of steam-carriages on 
common roads. 

^^ It is evident from this, that if a steam* carriage has only 
double the power wanted on a level common road, it can ascend 
any hill that we have ; but to ascend the same elevation on a 
rail-way, the engine must exert a power no less than twenty-one 
times that it required on a level." 

Mr. Silvester, in a report to the directors of the Liverpool 
and Manchester rail-road, in 1824, almost shows it,— by going 
a few words farther the truth would have appeared ; but in his 
calculations, comparing the travelling of a locomotive-engine 
and train on a plane, and down an inclination assisted by its 
gravitating force^ he scarcely notices the additional power 
required to travel the same up an inclination against the gravi- 
tating force. If the gravitating force of the gross weight towards 
the earth's centre, increases the facilities of descent, according 
to the well-known laws of gravitation, so also must the gravi- 
tating force operate against the accent. In which latter case 
all the advantage we had firom a smooth rail vanishes into 
nothing; even supposing the locomotive-engine could propel 
itself up a rail inclined to the horizon 1 inch in every 12, 
which is impossible. 



150 

It is well known that to move any body up hill, is to lift it up 
the height of the line which joins the extreme end of the hill 
with the base, and at right angles to the base. Hence a body 
to be moved up a rise of 1 foot in 12 feet has, in fact, to be 
lifted one foot. The movement could either be effected by rolling 
it up the inclined plane (the hypotenuse of the right angle tri- 
angle), or by rolling it along the plane, and then lifting it up the 
one perpendicular foot of rise ; these two last lines being the base 
and perpendicular of this right-angle triangle. 

The long train of waggons can easily be rolled along the 
plane. There the saving, when compared with a turnpike- 
road, is admitted to be so great as l^ths, or the traction on a 
level rail-road is to the traction on a level turnpike-road as 1 is 
to 20 ; but when the train on the rail-way comes to ascend, the 
advantctge of a rail-way is lost. Mr. Wood stales, that if a loco- 
motive-engine draws, by the adhesion of its four wheels, 67*25 
tons on a level, it will only draw, by the same adhesion, 15*21 
tons up an inclination of one in one hundred ; and he gives data 
for calculating that a rail-road locomotive-engine, working by 
the adhesion of the wheels on the rail, will not ascend an in- 
clination greater than one foot in twenty feet, or, perhaps, one in 
fifteen. Its power of doing any useful work, on such an indina- 
tion, has vanished. 

Now we have seen, both from Mr. Stone's evidence and letter, 
and from Sir Charles Dance's confirmation of them, above quoted, 
that one of Mr. Gumey's engines drew eleven tons (including 
the weight of the carriage) up an ascent of one in twenty ; and 
if we examine this by calculation, we shall find it must be so ; 
for 24640 lbs. on a level tumpike^roady requires (it is well 
known) a power of traction of 2053 lbs. On a rise of one in 
one hundred, we must add to the power of traction lij^ib. of the 
weight = ^*QQ^ = 246| lbs. Hence we have die wdght, 
24640 lbs. drawn up one in 100, by 2053 lbs. + 246 J lbs. = 
2209| lbs. On a rise of one in fifty, we must add ^*^q^ to the 
force of traction required on the level. Thus, 24640 will be 
drawn up one in fifty, by ^^^ + 2053 = 2545 lbs. So that 
a small increment of power (by steam) will even carry the 
weight up one in twenty — the ascent mounted by Mr. Gumey's 
engine. 

Now let us constnict a comparative table upon this mode of cal- 
culating a steam-carriage*s performance on turnpike-roads, and 
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place^ in jaxta*pD8ition, an account of locomotive-engine per- 
formance on the rail-way, as calculated from Mr. Wood's data, 
ahore mentioned. 



TURNPIKE-ROAD. 



Upon 






a level 
1 in 100 
1— 50 
1— 20 
I— 12 



Gross 
Weight. 



lbs. 
24640 

24640 

24640 

24640 

24640 



Power 
required 



lbs. 
2053 

22995 
2545 
3285 
4106 



RAIL-ROAD, 
calculated from Mr. Wood's data. 



Upon 



a level 
1 in 100 
I— 50 

1— 12 



Weight. 



Tons. 

67-25 

15-21 
f Not given, but 1 
\ almost . . / 



Power required. 



C Power required 
} not given. 
Same power. 

Same power. 



{Locomotive engine will not ascend 
by itself on a rail-way. 



This is sufficient reason for saying, that the ad/&ani<ige of a 
rail-way is almost confined to a dead level; or, that a very 
trifling ascent reduces the advantage so much, that capital can- 
not be profitably invested in a rail-road, for general purposes, of 
such inclination. The extent of capital required for the Liver- 
pool and Manchester rail-road, (nearly 900,0002.) which is most 
advantageously situated, whether we consider the level country 
or the numerous travellers and goods passing along the line, is a 
great argument against general rail-ways. Nay, upon looking 
at the above table, we venture to predict that a well-regulated 
steam-carriage conveyance upon the turnpike-road betwixt Man«- 
chester and Liverpool, would beat the far-famed " Planet'* in its 
orbit — we question if it could travel far out of its orbit. Cer- 
tainly passengers could thus be carried for less money : and the 
owners be amply remunerated ! 

We come now to consider a material advantage in the appli- 
cation of the power of a steam-carriage over the application of 
horse-power. When a horse moves forward, the centre of gravilj 
of his body and of his whole firame, describes a continued series 
of curves making an indented line. This motion vrill be best 
seen, when we look firom one side of a high wall at the head of 
a man on horseback, upon the other side of the wall. The 
rider's head will be more or less seen as the horse moves, even 
in a walk. If the horse trots, the curvilinear motion will be still 
more obvious. The horse moves in a series of curves, his feet 
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being the centres. When he walks he leans forward, and as he 
faUs forward, adirances his feet to support himself. When he 
has to draw a heavy carriage, he is obliged to go slowly, at a 
walk, and the alternate rising and falling of his body when he 
does so, communicates to the callage a succession of tugs. 
This is easily felt in a gig, either when the horse walks or trots, 
and it is always discernible in going up a steep hill with one 
horse. When the carriage has four horses the tugs cannot be 
so distinctly felt, but still they are perceptible ; therefore, the 
horse working by a succession of impulses, has the vis inerttMB 
to overcome at every step. This, the steam-carriage, driving by 
the wheel, has not to do ; having one cylinder always in full 
force, the carriage has a continuous roll onwardy and the vis 
inertuB requires not to be overcome, except when the carriage is 
at first started. 

A great deal of the horse's power, in drawing a carriage, is 
obtained by his leaning forward. When leaning forward, he 
puts out his feet to support himself; and this movement of the 
feet we cannot calculate, as it is involved in a physiological law, 
known only to our Omnipotent Maker. But we do see that every 
animal moves with great ease on a level, whilst moving up an 
inclination is distinctly seen as distressing. It is this which 
makes a hilly road so oppressive to an aged person. His mus- 
cular power is easily and imperceptibly put forth on a level ; but 
when he comes to a hill, the power required to lift his body is 
very distinctly seen to oppress him. A horse has the same 
facility in moving on the plain, and the same difficulty in 
moving himself up a hill ; and the animoTs power required to 
move himself up a hill, is to the animaVs power required to 
move himself on the level, in a much greater ratio than the 
ascent is to the level : whilst with elemental povoer they are in 
the same proportion to each other. So we arrive at the conclu- 
sion, that hilly roads are actually less objectionable for steam* 
carriages than for horses. 
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CHAPTER V. 



UPON THE WAYS AND MEANS. 



We have now, in a cursory manner, considered the important 
advantages which will result to society from the substitution of 
inanimate for animate power for locomotive purposes ; the pro- 
cess by which elemental power is obtained; the application 
of that power to locomotive machines ; and the roads adapted 
for them. In conclusion, we have only to embody, as con- 
firmatory of every thing we have advanced upon the subject 
generally, the Report of the Select Committee, and afterwards to 
follow it up by a few observations upon the ways and means by 
which the substitution in question may be brought about. The 
Report meets so directly and substantially every objection 
affecting the utility and practicability of the project, that the 
modus operandi is the only topic particularly requiring discus- 
sion, which is left behind. 

^^ The Select Committee appointed to inquire into, and to 
report upon, the proportion of toUs which ought to be imposed 
upon coaches and other vehicles propelled by Steam or Gas^ 
upon turnpike-roads ; and also, to inquire into, and to report 
upon, the rate of toll actually levied upon such coaches or 
other vehicles under any Acts of Parliament now in force ; 
and who were instructed to inquire generally into the present 
state and future prospects of land-carriage by means c^ 
wheeled vehicles propelled by Steam or Gas on common 
roads; and to report upon the probable utility which the 
public may derive therefrom ; and who were empowered to 
report the Minutes of the Evidence taken before them, to the 
House : — have examined the matters referred to them, and 
agreed to the following Report. 

" The Committee proceeded in the first instance to inquire 
how far the science of propelling carriages on common roads. 
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by means of steam or mechanical power, had been carried into 
practical operation ; and whether the result of the experiments 
already made had been sufficiently favourable to justify their 
recommending to the House that protection should be extended 
to this mode of conveyance, should the tolls imposed on steam- 
carriages, by local Acts of Parliament, be found prohibitory or 
excessive. 

^^ In the progress of their inquiry, they have extended their 
examination to the following points, on which the chief objec- 
tions to this application of steam have been founded ; viz. the 
insecurity of carriages so propelled, from the chance of explo- 
sion of the boiler, and the annoyance caused to travellers <m 
public roads, by the peculiar noise of the machinery, and by the 
escape of smoke and waste steam, which were supposed to be 
inseparable accompaniments. 

^ It being also in charge to the Committee, ^ to report upon 
the proportion of tolls which should be imposed upon steam- 
carriages,' they have examined several proprietors of those 
already in use, as to the effect produced on the surface of roads 
by the action of the propelling wheels. 

^^ As this was too important a branch of their inquiiy to rest 
entirely on the evidence of individuals, whose personal interest 
migfat have biassed their opinions, the Committee also examined 
several very scientific engineers, by whose observations oi^ the 
causes of the ordinary wear of roads, they have been greatly 
assisted. 

*' The Committee were directed also to report ^ on the pro- 
bable utility which the public may derive from the use of steam- 
carriages.* On this point they have examined a member of the 
Committee, well known for his inteUigence and research on sub- 
jects connected with the interests of society, and they feel that 
they cannot frdfil this part of their instructions better than by 
merely referring the House to the evidence of Colonel Torrens. 

*^ These inquiries have led the Committee to believe that the 
substitution of inanimate for animal power, in draught on com- 
mon roads, is one of the most important improvements in the 
means of internal communication ever introduced. Its practi- 
cability they consider to have been fully established ; its general 
adoption will take place more or less rapidly, in proportion as 
the attention of scientific men shall be drawn by public encou- 
ragement to frirther improvement. 
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** Many circnmstances, however, must retard ttte general in-» 
troduction of steam as a substitute for horse-power "ina roads* 
One very formidable obstacle will arise from the prejudices 
which always beset a new invention, especially one which will 
at first appear detrimental to the interests of so many individuals. 
This difficulty can only be surmounted by a long course of suc- 
cessful, though probably unprofitable, experiment. The great 
expense of the engines must retard the progress of such experi- 
ments. The projectors will, for a long period, work with cau- 
tion, fearing not only the expense incurred by failure, but also 
that too sudden an exposure of their success would attract the 
attention of rivals. It is difficult to exemplify to the House 
how small and apparently unimportant an adaptation of the 
parts of the machinery, or of the mode of generating or applying 
the steam, may be the cause of the most rapid success ; yet he 
who by a long course of experiment shall have first reached 
this point, may be unable to conceal the. improvement, and 
others will at once reap the benefit of it* 

*^ The Committee are convinced, that the real merits of this 
invention are such, that it may be safely left to contend with 
these and similar difficulties; there are others, however, from 
which the Legislature can alone relieve it. Tolls, to an amount 
which would utterly prohibit the introduction of steam-carriages, 
have been imposed on some roads ; on others, the trustees have 
adopted modes of apportioning the charge which would be 
found, if not absolutely prohibitory, at least to place such 
carriages in a very unfair position as compared with ordinary 
coaches. 

^^ Two causes may be assigned for the imposition of such 
excessive tolls upon steam-carriages. The first, a determina- 
tion on the part of the trustees, to obstruct, as much as possible, 
the use of steam, as a propelling power ; the second, and pro- 
bably the more frequent, has been a misapprehension of their 
weight and effect on roads. Either cause appears to the Com- 
mittee a sufficient justification for their recommending to the 
House, that legislative protection should be extended to steam- 
carriages, with the least possible delay. 

'^ It appears firom the evidence, that the first extensive trial 
of steam as an agent in draught on common roads, was that by 
Mr. Gumey, in 1829, who travelled firom London to Bath and 
back, in his steam^carriage. He states, that although a part of 
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the maehinery which brings both the propelling-wheels into 
action, when the fiill power of the engine is required, was 
broken at the onset, yet that on his return he performed the last 
eighty-four miles, from Melksham to Cranford Bridge, in ten 
hours, including stoppages. Mr. Gumey has given to the Com- 
mittee very fiiU details of the form and power of his engine, 
which will be found in the evidence. 

" The Committee have also examined Messrs. Summers and 
Ogle, Mr, Hancock, and Mr. Stone, whose steam-carriages 
have been in daily use for some months past on common roads. 
It is very satisfactory to find that although the boilers of the 
several engines described vary most materially in form, yet that 
each has been found fully to answer the expectation of its 
inventor. So well, in fact, have their experiments succeeded, 
that in each case where the proprietors have ceased to use them, 
it has only been for the purpose of constructing more perfect 
carriages, in order to engage more extensively in the business. 

" When we consider that these trials have been made under 
the most unfavourable circumstances, — at great expense, — in 
total uncertainty, — without any of those guides which experi- 
ence has given to other branches of engineering ; — that those 
engaged in making them are persons looking solely to their own 
interest, and not theorists, attempting the perfection of inge^ 
nious models ; — when we find them convinced, after long expe- 
rience, that they are introducing such a mode of conveyance as 
shall tempt the public, by its superior advantages, from the use 
of the admirable lines of coaches which have been generally 
established ; — it surely cannot be contended, that the introduc- 
tion of steam-carriages on common roads is, as yet, an uncertain 
experiment, unworthy of legislative attention. 

" Besides the carriages already described, Mr. Gumey has 
been informed, that from * twenty to forty others are being built 
by different persons, all of which have been occasioned by his 
decided journey in 1829.' " 

" The Committee have great pleasure in drawing the attention 
of the House to the evidence of Mr. Farey. His opinions are 
the more valuable, from his uniting, in so great a degree, scien- 
tific knowledge to a practical acquaintance with the subject 
under consideration. He states, that he has * no doubt what- 
ever but that a steady perseverance in such trials will lead to the 
general adoption of steam-carriages :' and agaiu, ^ that what has 
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been done proves to his satisfaction the practicability of impel- 
ling stage-coaches (by steam) on good common roads, in tolera- 
bly level parts of the country, without horses, at a speed of eight 
or ten miles per hour.' 

^^ Much, of course, must remain to be done in improving their 
efficiency ; yet Mr. Guniey states, that he has kept up steadily 
the rate of twelve miles per hour ; that ' the extreme rate at 
which he has run is between twenty and thirty miles per 
hour.' 

*^ Mr. Hancock ^ reckons, that with his carriage he could keep 
up a speed of ten miles per hour, without injury to the ma« 
chine.' 

^ Mr. Ogle states, ^ That his experimental carria^ went from 
London to Southampton, in some places, at a velocity of from 
thirty-two to thirty-five miles per hour.' 

^* ' That they have ascended a hill rising one in six, at sixteen 
and a half miles per hour, and four miles of the London road, at 
the rate of twenty- four miles and a half per hour, loaded with 
people.' 

" ' That his engine is capable of carrying three tons weight, in 
addition to its own.' 

" Mr.. Summiers adds, ^ That they have travelled in the car- 
riage at the rate of fifteen miles per hour, with nineteen persons 
on the carriage, up a hill one in twelve.' 

^^ ^ That he has continued for four hours and a half to travel at 
the rate of thirty miles per hour.' 

'^ ' That he has found no difficulty of travelling over the worst 
and most hilly roads.' 

^^ Mr. James Stones states, that ^ thirty -six persons have been 
carried on one steam-carriage.' 

" *That the engine drew five times its own weight nearly, at 
the rate of from five to six miles per hour, partly up an incli- 
nation.' 

^' The several witnesses have estimated the probable saving of 
expense to the public, from the substitution of steam-power for 
that of horses, at from one-half to two-thirds, Mr. Farey gives 
as his opinion, *' That steam-coaches will very soon, after their 
first establishment, be run for one-third of the cost of the present 
stage-coaches.' 

^^ Perhaps one of the principal advantages resulting from the 
use of steam will be, that it may be employed as cheaply at a 
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quick as at a slow 'rate ; ^thi8 is one of the advantages over 
bone labour wbich becomes more and more expensive, as the 
speed is increased. There is every reason to expect, that in the 
end the rate of travelling by steam will be much quicker than 
the utmost speed of travdfing by horses ; in short, the safety to 
travellers will become the limit to q[>eed.' In horse draught the 
opposite result takes place ; ' in all cases horses lose power of 
draught in a much greater proportion than they gain speed, 
and hence the work they do becomes more expensive as they go 
quicker.' On this, and other points r^erred to in the report, the 
Committee have great pleasure in drawing the attention of the 
House to the valuable evidence of Mr. Davies Gilbert 

^^ Without increase of cost, thai, we shall obtain a power 
which will insure a rapidity of internal communication fur be* 
yond the utmost speed of horses in draught ; and although the 
performance of these carriages may not have hitherto attained 
this point, when once it has been established, that at equal 
speed we can use steam more cheaply in draught than horses, 
we may fairly anticipate that every day's increased experience 
in the management of the engines will induce greater skill, 
greater confidence, and greater speed. 

^^ The cheapness of the conveyance will probably be for some 
time a secondaiy consideration. If at present it can be used as 
cheaply as horse-power, the competition with the former modes 
of conveyance will first take place as to speed. When once the 
superiority of steam-carriages shall have been fully established, 
competition will induce economy in the cost of working them. 
The evidence, however, of Mr. McNeil, showing the greater effi- 
ciency with diminished expenditure of fuel by locomotive-engines 
on rail-ways, convinces the Committee, that experience will soon 
teach a better construction of the engines, and a less costiy mode 
of generating the requisite supply of steam. 

*^ Nor are the advantages of steam-power confined to the 
greater velocity attained, or to its greater cheapness than horse 
draught. In the latter, danger is increased, in as large a pro- 
portion as expense, by greater speed. In steam power, on the 
contrary, * there is no danger of being run away with, and that 
of being overturned is greatly diminished. It is difficult to con* 
trol four such horses as can draw a heavy carriage- ten miles per 
hour, in case they are frightened, or choose to run away ; and for 
quick .travelling they, must be kept in that state of courage, that 
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they are always inclined for running awaj^ particolarly down 
hills and at sharp tnms of the road. In steam, however, there 
is little corresponding danger, being peifectlj controllable, and 
eapable of exerting its power in reverse in going down hills.' 
Every witness examined has given the fullest and most satis* 
factory evidence of the perfect control which the conductor has 
over the movement of the carriage. Wiih the slightest exertifm 
it can be stopped or turned, nnder circumstances where horses 
would be totally unmanageable. 

^^The Committee have throughout their examinations been 
most anxious to ascertain whether the apprehension, very com*? 
monly entertained, that an extensive use of these carriages on 
roads woidd be the cause of frequent accidents and continued 
annoyance to the public, were well founded* 

*^ The danger arising from the use of steam^anriages was 
stated to be two-fold ; — that to which passengers are exposed 
&om explosion of the boiler, and the bresJdng of the machin^y, 
and the effect produced on horses, by the noise and appearance 
of the engine." 

^^ Steam has been applied as a power in draught in two ways ; 
in the one, both passengers and engine are placed on the same 
carriage ; in the other, the engine carriage is merely used to 
draw the carriage in which the load is conveyed. In either 
case, the probability of danger from explosion has been rendered 
infinitely small, from the judicious construction of boiler which 
has been adopted. 

** These boilers expose a very considerable surface to the fire, 
and steam is generated with the greatest rajudity. From their 
peculiar form, the requisite supply of steam depends on its con^ 
tinned and rapid formation ; no large and dangerous quantity 
can at any time be collected. Should the safety-valve be 
stopped, and the supply of steam be kept up in greater abun- 
dance than the engines require, explosion may take place, but 
the danger would be comparatively trifling, from the small 
quantity of steam which could act on any one portion of the 
boilers. As an engine invented by Mr. Trevithick has not 
been as yet applied to carriages, the Committee can do no more 
than draw the attention of the House to the ingenuity of its 
contrivance. Should it in practice be found to answer his 
expectation, it will remove entirely all danger from explosion* 
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In each of the carriages deacribd to the Committee, the boilers 
hare been proved to a considerably greater pressure than they 
can ever have to sustain. 

^^ Mr. Farey considers that ^ the danger of explosion is less 
flian the danger attendant on the use of horses in draught ; that 
the danger in these boilers is less than in those employed on the 
rail-way, although there even the instances of explosion have 
been very rare.' The danger arising to passengers from the 
breaking of the machinery needs scarcely to be taken into con- 
sideration ; it is a mere question of delay, and can scarcely 
exceed in frequency the casualties which may occur with horses. 

^^ It has been frequently urged against these carriages, that, 
wherever they shall be introduced, they must effectually prevent 
all other travelling on the road, as no horse will bear qmetly ih& 
noise and smdce of the engine. 

^^ The Committee believe that these statements are unfounded. 
Whatever noise may be complained of, arises from the present 
defective construction of the machinery, and will be corrected as 
the makers of such carriages gain greater experience. Admit- 
ting even that the present engines do work with some noise, the 
effect on horses has been greatly exaggerated. All the witnesses 
accustomed to travel in these carriages, even on the crowded 
roads adjacent to the Metropolis, have stated, that horses are 
very seldom frightened in passing. Mr. Farey and Mr. McNeil 
have given even more favourable evidence, in respect to the little 
annoyance they create. 

** No smoke need arise from such engines. Coke is usually 
burned in locomotive engines on railways to obviate this annoy- 
ance ; and those ateam*carriages which have been hitherto esta- 
blished also bum it. Their liability to be indicted as nuisances 
will sufficiently check their using any offensive fuel. 
- ^^ There is no reason to fear that waste steam will cause much 
annoyance. In Mr. Hancock's engine, it passes into the fire ; 
and in other locomotive engines it is used in aid of the power, 
by creating a quicker draught, and more rapid combustion of 
the fiiel. In Mr. Trevithick's engine it will be returned into die 
boiler. 

^^ The Committee, not having received evidence that gas has 
been practically employed in propelling carriages on common 
roads, have not considered it expedient to inquire as to the pro- 
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gress made by several very scientific persons, who are engaged 
in making experiments on gases, with the view of procuring a 
still cheaper and more efficient power than steam. 

*^ The Committee having satisfied themselves that steam has 
been successfully adopted as a substitute for horse-power on 
roads, proceeded to examine whether tolls have been imposed 
on carriages thus propelled, so excessive as to require legislative 
interference ; and also to consider the rate of tolls by which 
steam-carriages should be brought to contribute, in fair propor^ 
tion with other carriages,' to the maintenance of the roads on 
which they may be used. 

" They have annexed a list of those local Acts in which 
tolls have been placed on steam, or mechanically-propelled 
carriages. 

** Mr. Gumey has given the following specimens of the op- 
pressive rates of tolls adopted in several of these Acts. On the 
Liverpool and Prescot road, Mr. Gumey's carriage would be 
charged 21. 8^., while a loaded stage-coach would pay only 4s. 
On the Bathgate road, the same carriage would be charged 
!/• 7*. Id.y while a coach drawn by four horses would pay 5s, 
On the Ashbumham and Totness road, Mr. Gurney would have 
to pay 2/., while a coach drawn by four horses would be charged 
X only Ss. On theTeignmouth and Dawlish roads, the proportion 
is 12^. to 2s. 

** Such exorbitant tolls on steam- carriages can only be justi- 
fied on the following grounds : — 

" First, because the number of passengers conveyed on, or by, 
a steam-carriage, will be so great as to diminish (at least to the 
extent of the difference of the rate of toll) the total number of 
carriages used on the road; or, secondly, because steam-car- 
riages induce additional expense in the repairs of the road. 

*^ The Committee see np reason to suppose that, for the pre- 
sent, the substitution of steam-carriages, conveying a greater 
number of persons than common coaches, will take place to any 
very material extent : and as to the second cause of increased 
charge, the trustees, in framing their tolls, have' probably not 
minutely calculated the amoimt of injury to roads likely to arise 
from them. 

" The Committee are of opinion, that the only ground on 
which a fair claim to toll can be made, on any public road, is to 
raise a fimd, which, with the strictest economy, shall be just 
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sufficient, first, to repay the expense of its original fimnation ; 
secondly, to maintain it in good and sufficient repair. 

*^ Although the Conunittee anticipate that the time is not far 
distant when, in framing a scheme of toll for steam-carriages, 
their general adoption, and the great number of passengers which 
will be conveyed on a small number of | vehicles, will render it 
necessaiy, not only to consider the amount oi injury actually 
done to the road, but also the amount of debt which may have 
been incurred for its formation or maintenance ; yet at present 
they feel justified, by the limited number of such carriages, and 
by the great difficulties they will have to encounter, in recom- 
mending to the House, that, in adopting a system of toll, the 
proportion of ^ wear and tear' of roads by steam, as compared 
with other carriages, should alone be taken into consideration. 

'^ Unless an experiment were instituted on two roads, the one 
reserved solely for the use of steam-coaches, the other for car- 
riages drawn by horses, for the purpose of ascertaimng accurately 
the relative wear of each, it would be quite impossible to fix, 
with certainty, the proportion of tc^s to which, on the same 
road, each class of vehicles should be liable. To approximate, 
however, as nearly as possible to the standard of relative wear, 
the Committee have compared the weights: of steam-carriages 
with those of loaded vans and stage-coaches. They have tried 
to ascertain the causes of the wear of roads ; also the proportion 
of injury done by the feet of horses, and the wheels of coaches ; 
how far that injury is increased by increased velocity ; and also 
in what degree the wear of roads by loaded carriages may be 
decreased by any particular form of wheel. 

^^ The Committee would direct the attention of the House 
especially to the evidence of Mr. M'Neil, whose observations on 
this branch of the subject, being founded on a long course of 
very accurate experiments, are peculiarly interesting and usefiil. 
He estimates that the feet of horses, drawing a fast-coach, are 
more injurious to the road than the wheels, in the proportion of 
three to one, nearly; that this proportion will increase with 
the velocity; that by increasing the breadth of the tires of 
the wheels, the injury done to roads by great weights may 
be counteracted. He considers, that on a good road, one ton 
may be safely carried on each inch of width of tire of the 
wheels. 

" Mr. M'Adam and Mr. Telford have given corresponding 
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"evidence, as to the greater wear caused by horses' feet than by 
wheels of carriages. 

" Each of the above witnesses agrees, that, adding the weight 
of the horses to that of the coach, and comparing the injury done 
to a road by a steam-carriage of a weight equal to that of the 
coach a»d horses (the wheels being of a proper width of tire), 
the deterioration of the road will be much less by the steam- 
carriage than by the coach and horses. 

" As to the injury to roads, which is anticipated from the 
* slipping' of the wheels, it may safely be left to the proprietors 
to correct : the action of the wheel slipping, involves a waste of 
power, and an useless expenditure of fuel, which, for their own 
sakes, they \^nll avoid. 

^^ Apprehension has also been entertained, that although the 
peculiar action of the wheels may not be injurious, yet that, from 
the great power which may be applied, if the steam were worked 
at very high pressure, or if the size of the engine were increased, 
greater weight might be carried than the strength of the road 
could bear. 

" Undoubtedly, in proportion to the advance of the science, 
will be the increase of weight drawn by an engine with a given 
expenditure of fuel ; but there are many practical difficulties to 
be surmounted, before the weight so drawn can reach the point 
when it would be destructive of roads. There are no theoretical 
reasons against the extension of the size of the engines. The 
difficulties, according to Mr. Gumey, are of a practical nature, 
and only in the ' difficulty of management of a large engine.' 
In proportion as we augment the power of the engines, we must 
increase their strength, and consequently their weight; the 
greater weight will be a material diminution of iheir efficiency. 
To a certain extent, the power may be iticreased in a greater 
ratio than the weight ; but, with our limited knowledge of the 
application of steam, and with the present formation of the public 
roads, the point will be very soon attained, when the advantage 
of increased power will be counterbalanced by the difficulties 
attendant on the increased weight of the engines. 

" The weight of the steam* carriages at present in use varies 
from 53 to 8.0 cwt. ; but it must be recollected that they are mere 
models; they were made with attention to strength only, to bear 
the uncertain strain to which they would be exposed in the 

M 2 



164 

course of experiments, and a very considerable diminution of 
weight may be anticipated. 

" The weight drawn, at the rate of ten miles per hour, by Mr. 
Gumey^s engine, has not, on any extent of road, exceeded the 
weight of the drawing-carriage ; nor is it likely, with the diffi- 
culties to be encountered on the present lines of road, from their 
quality and the numerous ascents, that the weight drawn will be 
in excess of the strength of the roads. The immense quantity of 
spare power required to surmount the different degrees of resist- 
ance likely to occur, would render the engine too unmanageable. 
This will appear evident from the force of traction required to 
draw a waggon over the Holyhead and Shrewsbury road, which 
varied from 40 to upwards of 300 lbs. 

^^ In considering the effect on roads, we must not overlook one 
peculiarity, in which they have a great advantage over other 
carriages. In coaches drawn by horses, the power being with- 
out the machine to be moved, it becomes an object of the greatest 
importance to give as much effect as possible to the power, by 
diminishing the resistance arising from the friction of the wheels 
upon the sur&ce of the road. For this purpose, the proprietors 
of coaches and waggons have adopted every possible contrivance, 
so to reduce the tires of their wheels, that a very small portion of 
them may press on the road ; in some coaches they are made circu- 
lar in their cross section, so that the entire weight of the carriage 
presses on a mere point; should the materials be soft, such 
wheels cut their way into the road like a sharp instrument. The 
owners of waggons too have adopted a similar plan. Mr. McNeil 
states, that the actual bearing part of the tire of apparently broad- 
wheel waggons, is reduced to three inches, by the contrivance of 
one band of the tire projecting beyond the others. 

" With steam, on the contrary, a certain amount'of adhesion 
to the roads is required to give effect to the action of the ma- 
chinery, or the wheels would slip round, and make no progress. 
It appears of little importance, therefore, so far as relates to the 
engine, whether the requisite amount of friction be spread over a 
broad surface of tire, or be concentrated to a small point ; but as 
the wheels, by being too narrow, would have a tendency to bury 
themselves in every soft or newly-made road, and thus raise a 
perpetual resistance to their own progress, it actually becomes 
an advantage to adopt that form, which is least injurious to the 
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road« The proprietors who have been examined on this point, 
seem to be quite indifferent as to the breadth of tire they may be 
required to use. 

^' These considerations have convinced the Committee, that the 
tolls enforced on steam-carriages have, in general, far exceeded 
the rate which their injuriousness to roads, in comparison with 
other carriages, would warrant ; they have found, however, con- 
siderable difficulty in framing a scale of tolls applicable to all 
roads, in lieu of those authorized by several local Acts. 

" With this view, they have carefully examined the various 
modes of imposing toll, either suggested by the witnesses, or 
already adopted. 

" They are as follow : — 

" 1. To place a toll proportioned to the weight of the car- 
riage and load ; 

" 2. On the number of passengers ; 

" 3. On the horse-power 6f the engine ; 

** 4. On the number of wheels ; 

" 6. An unvarying toU. 
^^ Each of these plans seems liable to serious objections, which 
the Committee beg to submit to the House. 

^^ No plan of toll has been more frequently recommended than 
that of a charge in proportion to the weight of the engine and 
load. As this is the most plausible, and (if it could be levied 
without other disadvantages) would probably be the fairest 
standard, the Committee have considered it right to state, at 
some length, their reasons for not recommending its adoption. 

^^ If weight be taken as the standard, the toll must be a fixed 
charge, either upon the weight of the engine and carriage, with- 
out reference to the load ; or, upon an estimated average of the 
load cs^ed ; or, a fluctuating charge, according to the weight at 
the several periods of a journey. 

" The first would be at least free, from the uncertainty of the 
other two, and therefore would be preferable ; but what scale of 
charge per cwt. could the Committee recommend as applicable 
to all roads ? Their toll should vary according to eveiy different 
rate of charge on carriages; besides, it would appear to the 
trustees very unjust to exclude the consideration of that which 
would be deemed the most material cause of the wear of their 
roads ; viz. the load. 
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^' A fluctuating charge on weight would be most injurious 
to a carriage^ which will mainly depend for success on its 
speed ; constant altercations would take place between the toll- 
collectors and proprietors; a minute calculation would be re- 
quired at every turnpike-gate; in fact, unless an accountant were 
placed at each, the Committee cannot conceive how the prc^or* 
tions could be satisfactorily arranged ; nor would there be any 
desire, on the part of the toll-collector, to shorten the delay 
occasioned by these interruptions. 

" Mr. Gumey has delivered in a scale of tolls, graduated 
according to weight and width of tire of the wheel. As this has 
been dra^^n up by a person interested in the success of steam-t 
carriages, it might have been expected to be more favourable to 
them. The Committee, however, have not adopted it, because 
of the difficulties and interruptions, which a fluctuating rate of 
toll would induce ; besides, this scale purports to be intended 
for a road, where 3^. is charged for a horse drawing, and Id. for a 
horse not drawing ; the scale would be inapplicable, therefore, 
when the charge was 2d. and 1</., Sd. and l^d., 4d. and ld.^4d. 
and lid. J 8d. and so on. Again, what standard of weight, in rela- 
tion to horse coaches, could be adopted ? The average weight 
of loaded coaches differs very much on different roads. It has 
been suggested, that a loaded coach, including the weight of 
four horses, would weigh on an average four tons ; and that if 
6d. per horse were chargeable to the coach, 6d. per ton should 
be placed on a ^team-carriage ; this would be unjust, as vans, 
which frequently weigh upwards of six tons, would only pay 2*., 
and a steam-carriage would pay Ss. Even if the injuty done to 
the road by each were equal, this would be an unfair toU ; but 
it will appear more evidently unjust if the greater proportionate 
injury done by the feet of horses drawing, than by the propel- 
ling wheels, be taken into consideration. 

" The object of every steam-coach proprietor will be to attain 
the greatest possible lightness of machinery and engine ; because 
thereby he renders his power more efficient for the draught of 
the remunerating load. To place the toll on the weight of the 
engine would tend to induce him to decrease the strength of his 
boiler and machinery to an extent which might be dangerous to 
the passengers, and very detrimental to the success of steam- 
ti'avelling, as the public will easily be led to believe, that acci- 
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dents xeally occuTring from injudicious legislation, were insepa- 
rable from the adoption of this power as an agent in propelling 
carriages. 

" The only fair plea for charging tolls on such carriages, in 
proportion to their weight, is to prevent a load being propelled or 
carried which would permanently injure the road ; within this 
limit it would be as injudicious to interfere with their progres- 
sive efficiency, (which can only result from improvements of the 
machinery and the system of generating and applying steam) as 
it would be to tax carriages drawn by large and well-bred 
horses^ more heavily than such as were drawn by horses in worse 
condition and of smaller size and power. 

" The roads at present have to sustain waggons, weighing at 
tipaes, with their horses, nearly ten tons ; it is in evidence, that 
the breadth of wheels required by various Acts of Parliament, in 
so easily evaded, that it affords no protection to the road ; there 
appears to the Committee no fair reason to suppose, that steam* 
carriages, approaching even to this weight, will be used on any 
turnpike-road, at least for a very considerable period, during 
which the increase of weight will be gradual, and will give 
ample warning to the Legislature when it should interfere* 

" To charge a toll according to the number of passengers 
conveyed, is scarcely less objectionable. If a fluctuating toll be 
intended, it would be as inadmissible as to propose a similar 
mode of charging for fast coaches, and would be open to all the 
cavil and interruptions to which a fluctuating toll on weight 
would be liable. If the toll were fixed according to the num- 
ber of passengers the carriage were capable of conveying, it 
would imply the necessity of a licence, limiting the number of 
passengers, and cramping the progress of improvement of a 
machine, the capabilities of which can only be ascertained 
slowly and by continued experiment. 

" It must be also recollected, that these carriages will pro- 
bably have to travel for a long period without passengers, until 
by their punctuality and safety they shall have induced the 
public to venture in them. Nor is this probability weakened by 
the immense number of passengers who comimenced using the 
locomotive carriages on the Manchester and Liverpool rail- way, 
immediately after their introduction : these engines were estar 
blished among a population accustomed to machinery and 
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steam, and therefore not entertaining the same apprehensions of 
its danger which will require to be surmounted elsewhere. 

^* The trustees of the Liverpool and Prescot road have ahready 
obtained the sanction of the Legislature to charge the monstrous 
toll of 1«. M. per ^ horse-power,' as if it were a national object 
to prevent the possibility of such engines being used. Besides, 
they have supplied no standard of their own conception of 
horse-power. Engineers have differed very much in their esti- 
mates of this power ; there is not, therefore, much probability 
that the opposite interests of a steam-coach proprietor and toll- 
collector would lead to any agreement as to the meaning of the 
term. But suppose the Legislature were to settle this point, 
and to arrange that a certain length of stroke and diameter of 
cylinder should represent a certain power, we still £Eiil to ascer- 
tain that which alone it is essential to know ; viz. the actual 
efficiency of the engine. Can we regulate the density of steam 
at which an engine of a given size should be worked ? To be 
effectual, it would be also necessary to ascertain the quantity of 
water consumed, and even this check would be inadequate with 
an engine on Mr. Trevithick's principle. If the toll be left as 
at present on * horse-power,* it would be the obvious interest of 
the proprietor to work with the smallest nominal power, but to 
increase as much as possible the force of his steam, thereby 
increasing the probability of explosion. 

^^ Some trustees have placed the toll upon the number of 
wheels. The Committee would object to this mode of chaxge, if 
only, because it interferes between the rival modes of steam 
travelling, and gives a bounty in favour of that, in which the 
engine is placed on the same carriage with the passengers. 
The opposite plan of separating the engine from the carriage is 
that which probably the public will prefer, until the safety of 
the mode of conveyance shall have been fully ascertained. 

" There is still a more serious objection to this mode of 
charge, it tends to discourage the use of separate carriages ; 
although it must be evident, that if a certain weight be carried, 
it will be much less injurious to the road when divided over 
eight wheels, than when carried on four only. On this point 
the Committee must again refer to Mr. M*Neil*s evidence. 
They cannot, therefore, recommend the House to adopt a scale 
of toll which shall increase in inverse proportion to the injury 
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done to the road. It will be seen in Mr. M^ Adam's evidence, 
that the toll on steam-coaches, imposed by the Metropolitan 
Boads Act, is liable to this objection. 

^^ Some of the local Acts have placed an unvarying toll on 
steam-carriages. This, if moderate, would be unobjectionable ; 
but the Committee could not propose any sum which would 
adapt itself to the necessary varieties of expense in keeping up 
different roads, by which the tolls on common carriages have 
been regulated. A fixed toll has, too, this disadvantage, that 
light experimental carriages, or such as are built solely for 
speed, would be liable to the same toll, as steam-carriages 
heavily laden. 

" The Committee feel that, however strong their conviction 
may be of the comparatively small injury, which properly con- 
structed steam-carriages will do to the roads, yet this conviction 
is founded more on theory, and perhaps what may be considered 
as interested evidence, than practical experience; they would 
therefore recommend, that the House should not make, at 
present, any permanent regulations in favour of steam. The 
experience which will be gained in a very few years^ will 
enable the Legislature to form a more correct judgment* c^f the 
effect of steam-qarriages on roads, than can be now made. 
They therefore recommend that the tolls imposed on steam- 
carriages by local Acts, where they shall be unfavourable to 
steam, shall be suspended during three years; and that, in lieu 
thereof, the trustees shall be permitted to charge toll according 
to the rate to which the Committee have agreed. 

" The House will have perceived, in the former part of this 
report, that there are two modes of applying steam in lieu of 
horses in draught : one, where the engine and passengers are on 
the same carriage ; the other where the engine is placed on sepa- 
rate wheels, and. is merely used to propel or draw the carriage. 
Although the difference of weight may be in favour of the former 
mode, yet, as on the latter it is divided over eight wheels, instead 
of four, its small excess cannot justify a larger toll beiiig im- 
posed, as it will be found much less injurious to the roads. The 
Committee, therefore, recommend, that in charging toll, the 
engine carriage and carriage draw.n shall be considered but 
as one. 

'^ As it is the opinion of all the engineers examined, that the 
use' of narrow wheels has been the great cause of the wear of 
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roadSy and that cyliiidrical wheels, of a certain width of tire, are 
not only the least injurious, but that, in some states of the road, 
they may be even beneficial, the Committee recommend, that the 
wheels of the engine carriage should be required to be cylindri- 
cal, and of not less than 3^ inches width of tire. No proprietor 
of steam-carriages has expressed the slightest fear of any incon- 
venience or loss firom the use of such wheels* Beyond this, the 
Committtee would not recommend interference with the breadth 
of tire, or form of wheels ; it should be left to the proprietors 
ireely to select the breadth of tire they shall find most conye- 
nient, in proportion to the weight carried. 

^^ The Committee hare divided steam-carriages (intended for 
passengers) into two classes, to be subject to different rates of 
toll. The first, where the carriage is not plying for hire, or 
where, if plying for hire, it shall not be calculated for, or carry 
at any time, more than six passengers ; the original cost of such 
machines, and the expense of working them, will sufficientiy 
protect the roads firom any great number of merely experimental 
carriages ; and for the same reason they will not be of a weight 
or size likely to be injurious. A steam-carriage only calculated 
to convey six passengers will be solely used where great speed 
is required, and will be so light as to cause very littie wear of the 
road, probably much less than many carriages drawn by the 
number of horses which the Committee recommend as the stand- 
ard of charge for this class. The toll, therefore, proposed to be 
placed on this class of steam-carriages is that, which (on the 
several roads, where they may be used) is charged on a carriage 
drawn by two horses. 

^^ In the second class they have placed all other steam-car- 
riages, except those travelling at slow rates, for goods only; 
carriages of this class should pay the same toll as may be charged 
on a coach drawn by four horses. This may at first appear 
unjust from the supposed power of steam to draw almost un- 
limited weight. The Committee have already enumerated the 
difficulties hitherto encountered in attempting to propel very 
heavy loads on turnpike roads. They are such as to discourage 
the expectation, that, within any short period of time, the system 
will have been so perfected as to give rise to inconvenience fix)m 
this source ; should any hereafter be found, it \*ill then be suf- 
ficient to remedy the defect. Until a due proportion of the parts 
of the machinery shall have been asc^tained, the. makers of 
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these carriages will vary but cautiottsly from the models at pre- 
sent in use ; their object will be, for some time, the perfecting of 
them, rather than the uncertain experiment of increasing their 
size. 

^^ The Committee do not anticipate, that, for a considerable 
period, steam will be used as a propelling power on common 
roads for heavy waggons. It appears to have been llie general 
opinion of the witnesses, that in proportion as the velocity of 
travelling by steam on common roads is diminished, the advaii* 
tages of steam over horse-power are lost* The efficiency of 
horses in draught is rapidly diminished as their speed is ui4 
creased ; while, on the contrary, the weight, which could be 
carried or propelled, at any great velocity, by steam, could not 
be more cheaply conveyed, were the speed decreased to that of 
the slowest waggon. 

*^ As speed, therefore, is the cause of greatly increased expense 
where horses are used, while vrith steam it is comparatively un- 
important, it is probable that the latter will be chiefly resorted 
to when rapidity of conveyance is required. Mr. Gumey con^ 
siders, that under four miles per hour, horses can be used in 
draught more economically than steam. Should it, however, be 
deemed profitable to convey heavy goods by steam-carriages, the 
Committee recommend that there should be as little interference 
as possible with the number of carts employed ; as the eflbct on 
the surface of roads would be infinitely more injurious if heavy 
loads were placed on a single cart, than if the same weight were 
divided over several. The Committee recommend, that where 
carriages, containing heavy goods alone, are propelled by steam, 
the weight of the load should be charged, without reference to 
the number of carts on which it may be carried. 

^^ As a horse is able to draw from 20 to 40 cwt on common 
roads, they propose that each 20 cwt. of load conveyed in, or 
drawn by, a steam-carriage, should be chargeable at the same 
rate of toll as one horse drawing a cart 

^^ A charge on weight is not so objectionable where goods are 
conveyed at a slow rate, as when speed is alone required. 

^^ In conclusion, the Committee submit the following summary 
of the evidence, given by the several witnesses, as to the progress 
made in the application of steam to the purposes of draught on 
common roads. 
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" Safficient evidence has been adduced to convince your Com- 
mittee, — 

" 1. — ^That carriages can be propelled by steam on common 
roads at an average rate of ten miles per hour. 

" 2. — ^That at this rate they have conveyed upwards of fourteen 
passengers. 

" 3. — ^That their weight, including engine, fuel, water, and 
attendants, may be under three tons. 

^^ 4. — ^That they can ascend and descend hills of considerable 
inclination with facility and safety. 

^^ 5. — ^That ihey are perfectly safe for passengers. 

" 6. — ^That they are not (or need not be, if properly con- 
structed) nuisances to the public. 

" 7. — That they will become a speedier and cheaper mode of 
conveyance than carriages drawn by horses. 

" 8.-^That, as they admit of greater breadth of tire than other 
carriages, and as the roads are not acted on so injuriously as by 
the feet of horses in common draught, such carriages will cause 
less wear of roads than coaches drawn by horses. 
' " 9. — ^That rates of toll have been imposed on steam-carriages, 
which would prohibit their being used on several lines of road, 
were such charges permitted to remain unaltered.^ 



Such then, from the clearest evidence, are the important 
results which elemental power, properly economised, may be 
brought to effect : and we confidently hope that the reader who 
has followed us thus far in our details, will cordially join with 
us in thinking that the only question that remains behind, is, 
how is this mighty national benefit to.be brought about? 
Unhappily, — or perhaps happily we should say — for how often 
is partial evil universal good, — the state of affairs is ^uch at the 
present moment as to make this a question of infinitely easier 
solution than it may at first sight appear. What at a more 
prosperous period, would have been left to be slowly carried 
into operation by individual philanthropists, or the combined 
energies of a few patriotic projectors, the pressure of the times 
under which we write, will force, and that speedily, to be 
taken up as a Government measure. Oppressed with taxes 
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and national debt — with an increasing pauperism, and de- 
creasing employment, w6 are just verging upon that crisis in 
our affairs, when the fortunes of all other states similarly cir- 
cumstanced have irretrievably declined, and in which it be- 
comes a matter of imperative interest and concern that the 
whole of the upper classes of society should combine to direct 
their wealth, activity, and intelligence, to the adoption of 
measures which, judiciously devised and vigorously executed, 
shall create a new impulse and tone under the ribs of death of 
the operative classes of society. Skill and enterprise can never 
long enable a country to maintain competition with younger 
rivals, when the rate of profit becomes reduced so low as to 
tempt the capitalist to seek a more lucrative investment in newer 
lands: and long before this Great Britain would have sunk 
fix>m her proud position at the head of nations, had ndt con- 
tinuous gigantic strides been made in manufacturing and com- 
mercial knowledge — ^had not every day developed new inven- 
tions and fresh resources to multiply her wealth, and extend her 
capabilities; but all this is not sufficient; the evil has been 
grappled with, not exterminated; and the project which can 
alone consolidate our greatness, renew our body politic, and 
sustain us in the energies and vigour of a wholesome exist- 
ence, still lies behind. Now it unclogs the subject of a vast 
weight of insuperable difficulty to consider, that the want of 
method is our bane, and not the want of means. That ignorance 
has matured the distress into which the country is unnecessarily 
precipitated ; and that knowledge, judiciously directed, can yet 
dissipate it, and give it to the winds. The aggregate wealth of 
this great country remains unparalleled, and is amply sufficient 
to meet and remedy the exigences of our case. We are not 
called upon to embark in a Utopian scheme to procure the 
means — that might baffle us — -and afterwards to devise the mode. 
The former, amply provided, we have only to relieve from the 
immethod and fatuity of its present appropriation, and we have 
made to our hand what will render the completion of the latter 
a project of comparative facility and ease. The scheme is not a 
brilliant chimera irreducible to practice, but is laid up and 
embraced in this simple axiomatic proposition, which opposition 
may challenge — ^but we defy to overthrow : — That the Fooo of 
the country y properly converted, is fully sufficient to extinguish 
pauperism ; — and that the fund by which that pauperism is at 
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present upheldj encouraged, and fostered, can furnish 'the 
MEANS by which the conversion in question may effectually be 
realized. 

The poor-rates levied in England and Wales for the jear 
ended March, 1831, amounted to the enormous sum of 8,279,217/. 
14«. sterling ; of which 6,798,888/. l%s. was disbursed for the 
relief of the poor ! Here then is an annual (and increasing) can- 
cerous expenditure of upwards of eight millions of unproductire 
capital, eating into the vitals of the community, and creating 
and perpetuating the very evil which it is intended to remedy. 
Now such a portion of this sum as is at present applied to the 
purpose of supporting able-bodied paupers, is amply sufficknt 
in itself, during the course of a few years, if it be so directed^ to 
carry into operation this great national measure, which will give 
bread in the mean time to the unemployed class in question ; 
and realise, as already shown, an effect which in a great measure 
will annihilate pauperism and redundancy altogether. 

But though in this amount of 6,798,888/. \%s. we have a dis> 
posable sum, which the rate-payers of England will find it to be 
their interest, as it is their duty, to convert to the purpose sag- 
gested ; the benefits which vrill accrue from its adoption, to all- 
classes of society, is one that entitles it to the pecuniary support, 
and the political assistance, not merely of every individuid, but 
also of Government itself. If Mr. Wilmot Horton's emigration 
remedy, which reqmred a sum of 75/. per family, or 15/. per 
head, and a period of eight years to occasion a drainage of one 
million of our surplus population, was recommended to the con- 
sideration of Parliament, by " evidence which rendered it9 
adoption expedient ;" — if it, at an expense of fifteen millions 
sterling, and at a period of time sufficient to reproduce vrith its 
lapse an increase of population equal in amount to the number 
expatriated, was, so lately as 1830, by a Committee of the 
" collective wisdom" of the State, styled a "benefijt of almost 
inconceivable degree," what shall we style that project which 
can, by a simple and practical application of mechanic power, 
create a quantity of food equal to a consumption j^i^r^/S/^A^ 
greater than our present exigences require, and which too 
can be operated by a means which vrill extinguish the very 
cause which has hitherto saturated the country with indigence 
and unemployment ? 

We are aware, from the latter-mentioned distinguished and 
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philanthropic economist laying it down as an axiom, that the 
term redundancy of poptdation^ applies " strictly, guardedly, 
and uniformly, to a population redundant as labourers^ and 
who, having no opportunity of exchanging labour for food, are 
not in a situation to purchase food,'' that it will afford ground for 
the objection, that pauperism results from want of employment, 
not from deficiency, or deamess, of provisions. With all de- 
ference however we submit, that there is in reality, at best, but a 
difference in terms here, not in things, for they resolve into each 
other. In this country, of all others on the globe, it may be 
most truly affirmed, that man earns his bread by the sweat of 
his brow, and that in sorrow he eats of it all the days of his 
existence. There is no proportion whatever between the labour 
done, and the remuneration that requites it. Ten hours of 
continuous tear and wear of muscular exertion daily, for six 
days in succession, is, at present, fi:om the high price of food, 
barely sufficient to earn as much wages as will keep soul and 
body together. There is a crying grievance in this system ; but 
what is more to our point, there is a fatal evil in it also. How- 
ever profitable a cheap rate of wages may appear to the em- 
ployer, it is in reality accompanied with drawbacks which 
render it in the main infinitely disadvantageous and undesir- 
able« It is, in fact, the parent of the poor-rates — that evil which 
now costs us eight millions sterling, and which, growing annu- 
ally, if not checked, will piece-meal convert England into one 
vast poor-house. Now under a system, which we will say wUl 
reduce the price of provisions one-half, i, e. which will enable a 
labourer, for three days' wages, to procure as much food as he 
riow does for six — you in effect create employment for double 
the labouring poor in the country. And how do we arrive at 
such a conclusion ? Why just firom the simple fact, that man 
labours from compulsion, not willingly. Bemoye the dire neces- 
sity of the case — ^make his daily bread not the result of his daily 
exertion, and you subdivide laboi^ in such a way, that you 
generalize its product, as well as equalize it. The ditch and the 
road, the spade and the pick-axe, are not so inviting that man 
will cling to them, even for love of the payment, except when 
the alternative is abject beggary aad starvation. 

It will be opposed to this conclusion, that cheapness of food^ 
under the system we advocate, will be accompanied by a pro- 
portionate reduction of wages, which will leave the labourer just 
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as unprovided for, as poor and needy, as at the present moment. 
There is something so plausible in this objection, that we should 
be apt to give up our position as untenable, did we not, under 
the operation of the new regime^ contemplate a change in agri' 
culturey which will make cheapness of food, and a generalization 
of capital, terms synonymous. 

We have just shown how, under this measure, a subdivision 
of labour vnH drain off, in a great measure, our redundant unem- 
ployed : we have now to show how another result, a subdivision 
oflandy will be a means of growing wealth to the community. 
We think it will readily be granted, that the undue preponder- 
ance of the operative over the agricultural classes of society is 
the bane of the country ; because it produces a fictitious and 
dependent state of livelihood, which is continually exposed to 
casualties and fluctuations. Now this state has been matured 
by the high price of food, which has had the effect of making 
large farm-monopolies abound, greatly to the prejudice and 
impoverishment of the multitudes, who have in consequence 
either been thrown out of employment altogether, or else into 
employment which has terminated in indigence. We should be 
sorry to advocate such a division of land as would in any way 
approach to an equalization of it We know too well the evil 
of the potato-garden system of Ireland, and the misery arising 
from the same, ever to wish an approximation to it in England; 
but we contend that an evil, similar in kind, and not much less 
in degree, arises out of our surplus of mechanics and traders ; and 
we hold, that any measure that will let off this gorged and stag- 
nant body, and direct it into a channel independent of the rise and 
fall of foreign markets, will convert it from its present putrescent 
and worse than useless state, into a current fertilizing top-dress- 
ing for our national growth in progressive and stable prosperity; 
and will be beneficial just in so far as it will convert starving 
manufacturers into prosperous consumers, and make a benefit of 
that which at present is pregnant with nothing but wretchedness 
and disadvantage. Now that this will flow out of this measure, 
we deduce thus : — cheap food will shortly annihilate overgrown 
farms ; for the causes being removed which have hitherto made 
these objects of speculation and investment of large capital, 
proprietors will find the advantage of appropriating their estates 
in smaller allotments ; and thus furnish a vast and most desirable 
outlet for multitudes who are at present otherwise unpiofitably 
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engaged. That proprietors will consult their own traest interest, 
as well as their country^s, by doing so, we should have been con- 
tent to have left as a self-evident statement. The following 
extract however, from a letter, signed " A Proprietor," and dated 
Brighton, 14th February last — ^published in the Morning Herald 
— is so affirmative of our view, that both on that account, and to 
relieve ourselves of the charge of dogmatizing, we take the 
liberty to transcribe it 

" Labourers, when cherished by landlords, form, like the basis 
of the pyramid of Egypt, the powerful basis of national wealth, 
and power. Suppose one-fifth, or one-third of every landed 
estate throughout the kingdom was allotted to this class of 
society, some millions of poor-rates would be saved annually — ^the 
aggregate rental much increased — a nation of customers for the 
revenue created — ^the population become vastly more numerous — 
and instead of an oppressed people, ripe for rebellion, an opulent 
and happy nation; the poor-rates might then be a dead letter, 
as in Scotland. 

'^ In England, pauperism, which for centuries has been and is 
still increasing, threatens to involve the country, like an Etnsean 
stream of lava, in desolation and destruction. The evil has 
baffled our ablest statesmen. How, then, can the stream of 
lava be stopped, and be converted into a fertilizing stream, 
like the Nile of Old Egypt ? There is no axiom more self-evi- 
dent than this : * If you make men rich, they will no longer be 
poor.' If all industrious able-bodied labourers were allowed to 
rent comfortable cottages, with three or four acres of land,^ — or, if 
poor land, of eight or ten acres, attached, — they could afford to 
pay a much higher rent than the farmer ; and, instead of being, as 
paupers, a nuisance and an expense, would shortly become our 
stablest and most profitable tenants. I speak fix)m thirty years* 
experience. One case is as good as a hiindred : — a young sturdy 
pauper applied to me for a house and food ; I let him four acres 
of land at twice the rent a farmer would have paid me. To the 
hour of his death he was one of my best tenants ; many of my 
most respectable farmers have failed ; 1)ut my cottager stood like 
the oak. If I had spumed him, he must have had a cottage rent- 
firee; and, allowing 8^. weekly for himself and family firom the 
pc^r-rates, it would have been an. annual encumbrance of ex- 
pense of 20/. On the contrary, I prevented this loss, and gained a 
valuable tenant, who paid me a profit of cent, per cent, more than 
my farmers.^' 
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The remark is almort a sapeifluoas one, theA a measure 
will benefit the poor of cmr commonity^ will benefit the rieb alio. 
If it be true ihat the wealth of the upper classes seek down, di£- 
fusing comfort and prosperity among the lower classes; so is it 
equally trae, that the distress ot the lower orders seek up, com^ 
municating the baneM effects of embanrassment and retrench* 
ment throughout all the ramifications of upper society. The 
sanity of the body-politic, like that of the body-physksal, 
can only be maintained by the whole members' economising 
for each other's wel&f e;. ^* The mi|^ty Sovereign Rukr of 
the unirerse has most wisely ordained," remarks Sk. Thomas 
Baring, in his speech at the late meeting of the '* Lahouier's 
Friend Society,"— ^'^ that no indi?idiial, let his station ckt cir- 
cumstances be what they may, shall be independent of Ms 
fellow-man. The poor is dependent for employment on the 
rich ; but the rich is equally dependent on the poor for the fruits 
of his labour, which contribute to his happiness. The great, the 
good, and pious Lord Chief-Justice Hale has well said, that the 
wise man is btit a steward of his wisdom, and the rich man a 
steward of his riches ; and that the best aecoimt each will be 
able to giye of his stewardship will be, that he has applied his 
wisdom, or riches, to the reformation or benefit of his fellow-* 
men.'* Nor dan wo resist adding what the noble chairman of 
the said meeting (Lord Morpeth) says so jodiciously to the same 
purpose : — '^ He ctmsidered that they would not be acting out of 
their place, nor transgressing the coiibrse of nature, or the wiH of 
Providence, by a patient and steady, endearour to give to the 
labouring portion of the community the means of bettering their 
condition, with opportunities for acquiring the wish for stiH fur- 
iher progress^ and an interest in exertion, a taste for comfort, a 
sense of independence, some foresight for the future, some leisure 
for the concern of an immortal soul. He considered that the 
same means which are effectual for the well-being of the indus- 
trious poor, would also, in the long run, tend to augment the 
resources of their superiors. He did not wish to gire to benero- 
lence the suspicion of being swayed by interested motives, ex- 
cept so far as that beautiful law of reaction goes, which seems to 
nm through the whole scheme of Providence-—' blessing him 
that gives, and him that takes.' Danger can only be encountered 
by a performance of duty ; and in promoting the physical com- 
fort, developing the moral and intellectual qualities, engaging 
the affections, and warming the piety of the largest class of 
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ibe coiminumiy, we sliall. adopt the likeliest course to augment 
the national pxosperijiyr and to caU dowa the blessings of 
Providence^*' 

Nor if argum^ts. su^h as these be potest to awake and direct 
the attention of the interested part, of our readers, i^.it possible, 
do we conc^ye? tQ bring forward, to enlist the Christian philan- 
thi^opist in the cause^ w, appeal equaUy splendid in conceptions 
— as affecting in detail — oar more powi^r^.to arouse and direct our 
moral sympathies, than what follows from the pen of titie eloquent 
Professor ot Moral Philosophy in the University oi King James \ 
Speaking of the operative classes of society, and the privations 
of their condition, he proceeds to remark : ^^ I ask you, if it be not 
the most melaneholy parts of all the speculation that is. suggested 
to the moral inquirer by the conditicm of man, to (Aserve what 
a wild and dense gloom is cast over the souls of this class by 
this severe neaessity of continued labour, which is, nevefrtheless, 
the great and constant source of the improvement, of their con-* 
ditioQ ? It is mot suffering alone-— that they may he inured to 
bear ; but it is. the darlmess of the.und^cstanding, and it is the 
callousness of the heart, which comes on under the' operation of 
the tml to which this human being, whdsenature it is our province 
to explain, must be subjected; it 1& all that which is most miser- 
able for us to.bdhold. For if men^ born with t^e same, spirit as 
onrselyes, are yet denied the common privileges of that spint, 
they see; to bring cert^ faculties into tWorld that iot 
be unfolded — certwi powers of affection and desire which^ we 
might be inclined to say, the lot of their birth will pervert and 
degrade. There is a humiliation laid on human nature in 
the doom which appears thus to rest on a great portion of the spe-^ 
cies, which, while it requires our most considerate compassion 
for those who are so d^ressed, compels us to humble ours^Tes 
under a s^ise of our own participation in the mysterious Q$|tuve 
firom which it all flows. Therefore, in estimating ihe wioitb or 
the yirtue of our fellow-men, whom Ftoyidence has placed in a 
lot which yields to them the me«Ds, e^ little more than the 
means, of supporting life in themselves, «nd those born of them, 
what moral inqiiirer would ever, lor a momeiii, forget, how inti^ 



1 Extract from the Introductory Lecture delivered in the University of 
Bdinbnrgh, on Tuesday, Nov. 8tb, 1831, by Professor Wikon. 

N 2 
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mate is the necessary union between the wants of the body and 
the thoughts of the soul ? Let us remember, that over the great 
proportion of our humanity the soul is in a constant struggle for 
its independence with the necessities of that nature in which we 
know it to have been enveloped. It has to support itself against 
irritating or maddening thoughts inspired by weariness, lassitude, 
and want, or the fear of want It is chained down to the earth 
by the influence of one great and constant occupation — that of 
providing the means of its mortal existence. When it shows 
itself shocked or agitated, or overcome in the struggle, what ought 
to be the thoughts and feelings in the consideration of the wisdom 
of poor humanity ? 

** When, on the other hand, you see nature preserving itself more 
boldly amidst the perpetual threatenings, or unceasing assaults, 
of those evils from which it never can make its escape, and 
though pressed by its own many wants, forgetting them all in 
that love which ministers to the wants of others : when you see 
the brow wrinkled and drenched by incessant toil, the body 
bowed down to the dust, and the whole frame in which the im- 
mortal spirit abides marred (but surely not dishonoured) by its 
slavery ; and then, when, in the midst of all that depression and 
oppression, you see man still seeking and still finding joy, 
delight, and happiness, in all the finer affections and desires of 
his spiritual being, giving to the lips of those he loves that 
scanty morsel earned by his own hungry and thirsty toil — pur- 
chasing by sweat, sickness, and fever, the useflil education, and 
religious instruction, of the young creatures who delight the heart 
of him who is striving for their sakes — cresting with gratitude on 
that day which is like a fountain in the midst of the thirsty 
wilderness to his exhausted and wearied frame— and preserving 
a high sense of his own immortality amongst all the toils and 
struggles that would fain chain him to the dust ; when, I say, 
you see all this, and think of all this, you will discover how rich 
may be the very poorest of the poor, and you will learn to re- 
spect the moral being of man in these its triumphs over the 
power of his physical nature. But you do not learn from this to 
doubt or to deny the wisdom of the Creator. You do not learn 
6rom all these struggles, and all these defeats, and all these most 
glorious victories, and all these triumphs, that God sent his 
creatmres into this state of existence to starve, or that the air, 
the earth, and the waters, have not wherewithal to fill the mouths 
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that gape for food. Nor will you ever learn that want is a crime, 
or that poverty is a sin, or that they who would toil but cannot, 
or that they who would toil but have not work, are intruders at 
Nature's table, and must be driven to famine, starvation, and 
death." 

Sedjam satis! with the remarks of these enlightened and 
patriotic men, as corroborative of our views, we have now to 
close this volume : which we do by expressing an earnest and 
fervent wish, that the conversion of steam to economic purposes, 
as a scheme of interest, of duty, of humanity, and of morality, 
will be taken up, and that immediately, by all classes of society, 
with the spirit due to its vast importance. The public mind 
opens, we are aware, but slowly to the advantages to result from 
the adoption of any novel project ; and when the fetters, not 
merely of ignorance but also of selfishism, are to be broken, it may 
indeed be said, hie labor, hoc opus est ! We are, nevertheless, not 
unsanguine that the wonderful realities of steam, as at present 
exemplified, will not be impotent in relieving the public mind 
from scepticism as to its almost indefinite utility when directed to 
any specific purpose. The modification in question is one whose 
practicability and utility alike lie upon the surface : whose adop- 
tion can be attended by little partial evil, and be productive of 
great universal good. Our treatise has not been upon the science 
of political economy, falsely so called, involving contradiction, or 
devolving speculation — ^but explanatory of a master-movement 
in mechanics, which will operate throughout every department 
and ramification of our distressed commercial, agricultural, ope- 
rative, and social community, the most important benefits. In 
laying down this proposition, which it has been the object of our 
work to demonstrate, we bring our subject to its close. And 
happy shall we be if we have discharged our task in such a man- 
ner as shall introduce it to the common sense of the British 
people. The subject-matter is one of too vast importance in 
itself to require an elaborate apology on our part for the shallow 
manner in which we have treated it. The practical man who 
has waded tlirough the facts which we have detailed, will not 
have done so without allowing that nous avez raison for the con- 
clusions that we have arrived at ; nor will he shut his eyes upon 
the consideration, that a subject such as this, involving so many 
occult as weU as apparent advantages, which would have appeared 
important even in the hands of a child, would have attained to a 
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gigantic magnitude if brought out in the length and breadth of 
all its varied practical applications. We flatter oorselres, that 
what we hare adyanced will associate with us^ in the causie -of 
forwarding the adoption of this great measure, not a few of thoBe 
eminent financiers, whose enlarged knowledge will coirect our 
inadvertencies, supply, our deficiencies, and swell out the meagre 
outline of its estimated advantages to their fidl extent : as well 
as engage the press, and the pen of the many philanthropists 
whose breasts will dilate in gladness over the beneficial effects of 
this noble project. Should our hopes fail us here, we will at 
least rest satisfied, ^beholding in perspective, as the only pos- 
sible measure which can save the empire firom destruction, the 
certain eventual enlai^d application of that beneficent agent 
which now makes the stately vessel walk the water as a thing of 
life, — which may direct the gladsome ploi^ over the mountain's 
side, — and which shall assuredly, and that at no distant date, roll 
the tide of human life, and flie produce of human industry, 
through all the once more prosperous glens and dales of renovated 

England, that we at least have done somewhat to hasten that 

d&y* hy endeavouring to beget and to arouse a spirit of exami* 
nation and experiment respecting the practical adoption of a 
project, than which one equally splendid, and as universally 
advantageous in all its results, never yet engaged the attention, 
nor claimed the patronage, of the British people. 
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APPENDl^X. 



APPENDIX (A.) 

Tablb showing the great and rapid decrease of the effective power of a 
horse ; from which calculation the great advantage of steam, at high speeds, 
may be ascertained. 

A horse travelling 1 mile per hour draws I961b8. actual pull on the collar. 



2 
3 

4 
5 
6 

7 

8 

9 
10 
11 
12 
13 
14 
15 



169 
144 
121 
100 

81 

64 

49 
36 
25 
10 

9 
4 
1 
nothing. 



APPENDIX (B.) 

Thb following was the annual expense of horse coaches on the turnpike- 
road betwixt Manchester and Liverpool, previous to the opening of the rail- 
way : taken from the petition to parliament of the coach-masters on that road. 

£. s. d. 

Duty upon 33 coaches 8455 16 8 

Assessed Taxes on servants 261 

Mileage for 26 coaches to 
Manchester, at 13J. 4s. per 

day £4818 

Mileage for coaches to Bol- 
ton, at U 15s 638 15 

Carried over £5456 15 £8716 16 8 
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Brought forward .... £5456 15 £8716 16 8 

Mileage for coaches toWigan 

at48.8d 367 13 4 

Mileage for coaches to St. 

Helens 54 15 

£5779 3 4 
' 14,496 

Tolls for 33 coaches, at 18/. 108 8,005 13 4 

£22,501 13 4 

Harness for 709 horses, at 4Z. each 2,836 

Iron and labour, blacksmith's, 709 horses, 

at3l. ..^..^ 2,127 

87 hostlers, at U. per week 4,524 

Rent of stables and coach-offices 1,418 

Consumption of horses 15/. each, to be re- 
newed every three years 3,545 

Hay and com for 709, at 158. per week . . 27,651 

42,101 

£64,602 13 4 



APPENDIX (C.) 

Extracts from Seventh Report qfthe Holyhead Road Commissumers j shomnff 
the number of lbs, required to draw a Waggon of the weight of 21 cwt, 8 26^., 
at the rate of 2^ Miles per Hour, 

1. 2. 3. 4. 5. 6. 7. 



P AETS 

on which 

the Experiments 

were tried. 



No. 1. 
Piccadilly Pavembnt. 

From Stratton Street to 
Devonshire House. . 

Devonshire House to 
Dover Street 

Dover Street to James's 
Street 

St. James Street to Bond 
Street 

Bond Street to Burling- 
ton Arcade 

Burlington Arcade to 
Albany Court 



q5 

s 
o 

1 



o 



4) 

B 

9 



15 
14 
13 
8 
11 
20 



c 

o 

OS 

S 

a 



o 



rise, 1 in 114 
rise, 1 — 1 56 
fall, 1 — 429 
rise, 1 — 245 
faU, 1 — 286 



3's ■ 
11 § 



«:go 



60h 

42i 

54 

40 



horizontal 41} 



I 

c 



o 

CO 



2-rt 

g « 



20i 
I5i 

5i 

9 

8i 



lis 

in 

IS! 



IS 

-a .a "9 
III 



40 

33 

48 

45 

48J 

41f 



OBSERVATIONS. 



All the Experiments were 
made in the middle of the 
month of March, 1830, 
during dry weather. 



Excellent, smooth, weU- 

laid pavement. 
Ditto, ditto. 



Pavement uneven, and 
worked into holes; the 
top of the stones a good 
deal rounded, and the 
joints opened. 
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APPENDIX (C.) coflKfiiti€i;. 



I. 



2. 



3. 



4. 



5. 6. 



7. 



No. 2. 
Archwat Road. 

Between toll-bar and 

new house on the 

right 

Between new house and 

Depfit No. 1 

Between Dep6t No. 1. 

and Archway .... 
Between Archway and 

lamp No. 11 . —•• 
Between 11th and 12th 

lamp-posts 

Between 12th and 13th 

lamp-posts 

Between 13th and 15th 

lamp-posts 

Between 19th and 21st 

lamp-posts 

Between 21st and 22d 

lamp-posts 

Between 2 2d lamp-post 

abd M'Pherson^s . . . 
Bet weenWellington Inn 

and Whetstone IRaad 

No. 3. 

HOCKLIFFS AND StRAT- 

FORD Trust. 

Near Fountain Inn, 
Shenley . . • • • . 

Near Taloot Inn, north 
of Shenley ..... 

Flat, north side of Shen- 
ley 

Ditto, near Speckland 
Hollow 



Crown Hill, 



Ditto, near summit . . . 

Between Grown Hill 
and the toll-bar • • . • 

Flat between Two-mile 
Ash and Stony Strat- 
ford 

Near same place, tried 
back .,• 



32 
13 
64 
31 
13 
12 
26 
35 
22 
16 
20 



49 
36 
34 

77 

38 
26 

56 

68 
58 



rise, 1 in 23 
rise, 1 — 23 
rise, 1 — 22 
rise, 1 — 49 
rise, 1 — 229 

horizontal 
fall, 1— 382 
rise, 1 — 27 
rise, 1 — 27 
rise, 1 — 3437 

horizontal 



horizontal 

rise, I — aoj 

fall, 1— 119 

horizontal 



rise, 1 
rise, 1 



45 
27 



rise, 1 — 66 



rise, 1 
fall, 1 



3437 
3437 



173 

163 

171 

115 

78 

47 

46 

151 

152 

59 
44 



97 
232 

93 
120 

128 
136 

115 

60 
67 



102^ 
102| 
108 

48 

lOi 



6i 

87 
87 



115 
191 



52} 

87 

35i 

1 
1 



701 

60i 

63 

67 

m 

47 

52i 

64 

65 

58} 

44 



This road lately repaired, 
by putting on a cemented 
foundation, and covering 
the fifteen middle feet 
with broken Guernsey 
granite, six inches in 
thickness. 



The surface not perfectly 
consolidated, and shaded 
with trees. 

On this portion Hartshill 
was used instead of gra- 
nite. 



97 

117 

1121 

120 

76J 
49 

79* 

59 
58 



12 inches of limestone; 
low fences. 

Do., good foundation, firm 
and dry, not worked in. 

1 2 inches limestone ; plan- 
tation south side. 

1 1 inches pebble and lime- 
stone; plantation south 
side. 

} Embankment ; paved 
foundation, covered 
with 1 inches of bro- 
ken limestone. 

12 inches limestone; no 
sub-pavement. 

18 inches limestone ; low 

fences, no trees. 
Ditto, ditto. 
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APPENDIX (C.) eoafHHWti. 



1. 


2. 


a 




4. 


h. 


6. 


7. 


No. 4. 
















Steatford and Dun- 














• 


CHUECH Trust. 
















Fiat between 66th mile- 
















stone and brick-house 


23 


rise,! — 


20 


270 


118 


152 


6 inches limestone; low 


Between brick -house 














fences each side; trees 


and road to North- 














and high bank on west. 


ampton •••••. 


7 


rise^ 1 — 


21 


292 


112 


180 


5} inches limestone; hiirh 




§ 






mm^mm 






hedges, and bank on 
soum-west. 


Over small embankment 














above brick-house • . 


22 


rise, 1 — 


22| 


343 


103 


240 


6 inches limestone ; high 
hedges; new stone, on 


Between sand-pits and 














a week. 


road to Stowe. 


23 


rise,! — 


39 


128 


60} 


67i 


6 inches limestone ; open 


Between road to Stowe 














and low fences. 


and the Angel Inn . . 


37 


rise, 1 — 


711 


96 


33 


62 


6 inches limestone ; open 
wide space between; low 


Between hollow and 














fences. 


66th mile-stone •••• 


70 


rise, 1 — 


31 


130 


1^ 


64 


Z\ inches of Hartshill, and 
2 inches of limestone, on 


Between 66thm]le-stone 














pitching. 
3 mches ditto, ditto, over 


and summit of hill . . 


80 


rise, 1 — 


26 


146 


91 


64 
















embankment. 


Rising next hill 


60 


rise, 1 — 


50 


90 


47 


43 


6 inches ditto, ditto, 
through cutting. 



Esetractfrom Mr. Telfor^s Report on the state qfthe Holyhead (md Liverpool 

Roads. 
Being authorized by the commissioners to have the machine invented by 
my assistant, Mr. M'Neil, (for measuring the force of traction, or the labour 
of horses in drawing carriages) completed, and also to have the several dis- 
tricts of the Holyhead road in Englsmd tried by it ; Mr. M'NeU has done so, 
and prepared a statement, showing the results of the trials between London 
md Shxewsbury, a distance of 163i miles. 

. llie general ^xesults- of these experiments ^ on different sorts of roads, are 
as follow : — 

1. — On well-made pavement, the draught is ... . 33 lbs. 
2. — On. a broken stone surface on old flint road, 66 — 

3. — ^Ona g](avel road.,^.* 147 — 

4.— On a broken stone road, upon a rough pave- 
ment foundation • 46 

5.— On a broken stone surfEU^ upon a bottoming 
of concrete, formed of Fkrker's c«ment 
and gravel 46 — 



^ In making these experiments, a waggon weighing about 21 cwt. was used. 

9 
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** The general results of experiments made with a stage-coach >, on the same 
piece of road, on different inclinations and at different rates of vdocity, are 
gi¥en, from which 

The following Statement has been calculated: — 



Bate of Inclination. 


Rates of Trayelling. 


Force required. 


1 in 20 
1 — 26 
1 — 30 
1 — 40 
1 — 600 

1—20 
1—26 
1—30 
1—40 
1 — 600 

1—20 
1—26 
1—30 
1—40 
1 — 600 


6 miles per hour. 
6 — 
6 — 
6 — 
6 — 

8 — 
8 — 
8 — 
8 — 
8 — 

10 — 
10 — 
10 — 
10 — 
10 — 


268 lbs. 
213 — 

165 — 
160 — 
111 — 

296 — 

219 — 
196 — 

166 — 
120 — 

318 — 
225 — 
200 — 
172 — 
128 — 



** Having the results of these accurate trials to refer to, leaves it no longer a 
matter of conjecture in what manner a road should be made, to accomplish 
most effectuaUy the main object, that is, diminishing to the greatest possible 
d^ree, the labour of horses in draught. 

*' Although the observations of scientific persons have led- to nearly similar 
conclusions, others have been in the habit of laying down rules for road- 
making at variance with all the established laws of motion ; it is satis&ctory 
to be able to produce a positive proof by actual experiment, of their opinions 
?being whoUy erroneous. 

" In this view, I consider Mr. M^Neil'sinventionfor iwactical purposes on a 
large scale, one of the most valuable that has been lately given to<the public. 



M 



^ Weight of coach, exclusive of seven passengers, 18 cwt. 



r 
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APPENDIX (D.) 



Amwen to QMeries iubmitted by the Committee to Mr. John M'Neii. 



** QusET 1. — * What is the greatest weight, in proportion to its own weight, 
which any locomotive steam-engine has heen found capable of drawing upon 
a rail-road, and at what velocity ?' 

** In the first edition of Mr. Nicholas Wood's treatise on rail-roads, pub- 
lished in 1825, he states that a locomotive engine, weighing 6^ tons, and 
containing one ton of water, equal to 7§ tons, dragged twelve loaded car- 
riages, each weighing 99408 lbs., up a plane ascending 134 inches in 1,164 
feet, and also the conveying carriage, weighing IJ tons, the wheels not slip- 
ping, the rails dry. 

** He also gives the following experiments made on the Killingworth rail- 
road : The length of plane was 2,260 yards, with an ascent in one direction 
of 6 feet 5 inches, not uniform, varjring from a dead level, or slightly imdu- 
lating, to an ascent in one place of 1 in 330. Edge-rail, 2^ inches broad on 
the surface; carriages all the same construction, weighing 81 i cwt. each, 
wheels 34 inches diameter, axles 2i inches diameter. 

Experiment 29* 

** Wheels, three feet ; nine carriages, weighing 731 1 cwt., were drawn up 
the plane fourteen times in 317 minutes, and fourteen times down the plane 
in 268 minutes ; distance traversed, 36 miles in 9 hours, 35 minutes ; coals 
consumed, 2,534 lbs. ; water, 890 gallons. 

Experiment 30. 

''Wheels, four feet; nine carriages, weighing 7311 cwt., were drawn up 
the same plane nineteen times in 302 minutes, and nineteen times down the 
plane in 265 minutes ; distance traversed, 48*8 miles in 9 hours, 27 minutes : 
coals consumed, 2,534 lbs. ; water, 854 gallons. 

Experiment 31. 

. ** Wheels, four feet ; twelve carriages, weighing 975 cwt., were drawn up 
the plane nine times in 155 minutes, and nine times down in 133 minutes. 
Distance traversed, 23 miles in 4 hours, 48 minutes ; coals consumed, 1,546 
lbs.; water, 452 gallons. 

Experiment 32. (With a different Locomotive Engine.) 

''Wheels, three feet; nine carriages, weighing 73 li cwt., were drawn up 
the same plane ten times in 212 minutes, and ten times down in 180 minutes. 
Di8tance,26 miles ; time, 6 hours, 32 minutes ; coals consumed, 1,487 lbs. ; 
water, 490 gallons. 
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EwperitMHt 33* 

*' Wheels, four feet; twelve carriages, weighing 975 cwt., were drawn up 
the plane five times in 45 minutes, 48 seconds, and five times down, in 40 
minutes, 26 seconds. Distance each journey, 2,002 yards. Total 11*375 
miles ; distance passed over in the above time 1,663 yards each journey, or 
9*45 miles; time, 1 hour, 26 minutes, 14 seconds; coals consumed, 587 lbs. ; 
water 200 gallons. 

*' In this experiment the engine was allowed to traverse a given space, to> 
put the train of carriages into their proper velocity before the time was noted ; 
the time was then marked until the velocity was again checked at the farther 
end of the stage. This will explsdn the difference between the two distances 
stated in the experiment ; the one was the whole distance from the com- 
mencement to the end of the stage ; the other was that part of the stage 
which the engine passed over when the regular velocity was acquired, and 
before it was again diminished at the end of the stage, to stop the train ; the 
time given was that which transpired while the engine was passing over that 
space, while the velocity was uniform, and may therefore be taken as a 
measure of speed. 

^* At page 281, Mr. Wood states, upon a rail-road, near Newcastle, a loco- 
motive engine in fifty-four weeks conveyed 53,823 carriages of coals, each 
weighing 9»438 lbs., 2,641 yards, and returned with the same number of 
empty carriages, each weighing 3,472 lbs. This was in fifty-four successive 
weeks, and, in that time, exclusive of Sundays, the engine, from want of 
goods to convey, was at least twenty days off work ; so that in 304 days the 
performance was 446,815 tons conveyed one mile; or 1,470 tons one mile 
each day on a stage only 2,541 yards. The engine had three feet wheels^ 
which were calculated for a rate of about 4^ miles per hour. 

'' Mr. Rastrick, in his report to the directors of the Liverpool and Man- 
chester rail-way, dated January, 1829, gives the following table of the abso- 
lute quantity of work done by five different locomotive engines, when reduced 
all to the same standard of &Ye, eight, and ten miles per hour. The carriages 
proportioned to the weight of goods, in the some ratio as they were proposed 
for the Liverpool and Manchester Railway, and also of the work that the 
ten-horse engine, proposed by him and Mr. Walker, would be capable of 
doing. 
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"TkB ei^near started for the premium of £600, on the Lirerpool and 
Manchester Railway, in October, 1829> were, the Boehet, NweHy, and 

Stms PareU, 

Tons.CwtQrs. £&«. 

The Jtoc*«f weight 4 6 — — 

Tender, with water and coke 3 4 — 2 
Two carriages loaded 9 10 3 36 



17— — — 

SansPareU — ^weight of engine.... 4 15 2 — * 

Tender, with water and fueL .36 3 — 

Three carriages 10 19 3 — 



**-Fiifi vpt^A 30 miles 
in 2 h. 14 m. 8 s, equal 
to 13 ^per hour ; back, 
30 miles in 2 h. 6 m. 
9s. equal to 14 ^ per 
hour. ^ 



19 2 — — 



— ^Poll speed, 10| miles 
in 50 m. 49 s. equal to 
12 -jtj per hour; back, 
12 miles in 40 m. 27 s. 
equal to 15 -^ per hour. 



Novelty — ^weight of engine withl 

water in the boiler >. . i 

Tank, water, and fuel 

Two cairiagea • 



3 1 — 



— 16 
6 17 



— 14 



10 14 



14 



— Total time, 22 m. 
57 s. and distance run 
4^ miles. 



'* N.B. — The railway was level, and about two miles in length, where the 
experiments were made. 



*€ 



QuBRT 2. — * What may be considered as the greatest performance of 
locomotive carriages previous to the Manchester and Liverpool Railway 
being opened?' 

*' Mr. Wood, in 1825, states that the performance of the best locomotive 
engine was equal to 40 tons, conveyed at the rate of six miles an hour; and 
four years after (in 1829), Messrs. Rastrick and Walker have stated, that 48^ 
tons conveyed five miles an hour, or 19i tons conveyed 10 miles an hour, was 
the greatest performance the directors of the Liverpool Railway could expect 
from them. 

** 1 have seen some statements of experiments in which the effective work 
was greater than the above ; but I am inclined to think, they could not be so 
well depended on as those of Messrs. Wood, Rastrick and Walker. 

'* QuEBT 3. — ' What has been the greatest performance of any engine 
since that period V 

" On the 23d of February, 1831, Mr. Robert Stephenson stated to the 
Society of Civil Engineers, that the Northumbrian locomotive engine, weigh- 
ing 6 tons 3 cwt., drew 50 tons up the inclined plane at Rainhill, at the 
average rate of 7h miles per hour : pressure of steam was 50 lbs. on the 
square inch. The inclination of the ground at Rainhill is 1 in 96. 

" On the 1st of March, 1831, Mr. Locke stated, that 'The Samson' 
drew a gross weight of 151 tons in 30 waggons (the nett weight being 
107 tons), the whole distance from Liverpool to Manchester, in 2 hours 
34 minutes, including 13 minutes of stoppages. The diameter of the wheels 
was 4 feet 6 inches. 
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*' On the 19th of April, 1831 > Mr. Locke stated, that "The Samson' 
drew up the inclined plane at Rainhill about 44) tons gross of goods and 
waggons, at the rate of about 8 miles an hour. 

<« Weight of the engine was 8) tons ; weight of tender (which was full of 
water), 4 tons; making the total weight of goods, waggons, engine, and 
tender, 57 tons ; and, calculating the speed of the engine 8 miles per hour, 
she was exerting a force equal to 39-hor8e power. 

" He also stated, that a new engine, ' The Jupiter,' had just been started- 
From the 4th of March to 6th of April, she drew 226 waggons (only 10 of 
which were empty) and 847 coaches, a total distance of 3,426 miles. lu 
one fortnight she made 60 journeys, equal to 1,500 miles. 

" Diameter of cylinder, 11 inches ; length of stroke, 16 inches ; diameter 
of the wheels, 5 feet. Value of such an engine, 700/." 
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